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PEEFACE TO THE SECOND EDITION. 



The Author, in writing this popular essay, was amhitious of ob- 
taining the support of those for whom it was specially written ; 
that is to say, of the general reader and the young. He has been 
so generously seconded by the entire press, that in thia respect 
he has succeeded beyond his expectations. He would, therefore, 
be wanting in gratitude, if he failed to offer in this place his best 
thanks to those whose praises have been for bira so many en- 
couragements in the modest path he has chosen. 

But what be did not dare to hope was, to be honoured by the 
approbation of tJiose who cultivate the highest branches of Astro- 
nomy ; to see his book presented to the Academy of Sciences by 
the illustrious Director of the Imperial Observatory, M. Leverrier, 
and to the Royal Astronomical Society of London by its President, 
Mr. Warren De La Rue ; to receive in flattering letters the con- 
gratulations of illustrious Astronomers, among whom he may be 
permitted to cite the names of Sir John Herscbel, the Rev. W. 
R. Dawes, Professor Piazzi Smyth, Mr. "Warren De La Rue, Mr. 
Lasseli, and Professor G. P. Bond ; and, lastly, to see an English 
translation undertaken under the editorship of Mr. Lockycr. 

This Second Edition of ' The Heavens ' differs much from the 
first one. The Author has availed himself of the reprint to revise 
the work with care, and to give, both to the descriptions and ex- 
planations of the various phenomena, all the clearness of which 
they appear to him susceptible. 

Newly-publishod memoirs, and recent observations, have en- 
abled him to add to the different Chapters treating on the Physical 
Constitution of Stars, all details of a nature likely to interest his 
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Tl PREFACE TO THE SECOND EDITION. 

readers. The observations of Solar Spots, made by Mr. R. C. 
Carrington with such admirable perseyerance during more tian 
seven years ; the work of a like nature by M. Chaeomac and Fa- 
ther Secehi, and M. Faye'a risum4 of it ; Mr. Lockyer's Memoir 
on the planet Mars ; Lord Rossc's new Catalogue of Nebulse, &c., 
have furiiished materials for new drawings faithfully copied from 
the originals. 



L'ENYOI. 

En pr^sentant au pubKc d'Angleterre un livre dont le succes en 
Trance est dij., sans doute, a la rarete des ouvrages vraiment po- 
pulairee d'Astronomie, j'^prouve le besoin de la mettre sous le 
patronage du savant distingue qui a bien voulu consentir a en 
diriger la traduction et la publication, 

C'est done, pour moi, un devoir, bien doux k remplir du reste, 
que de tdmoigner, ici mfime, maprofonde gratitude h Mr. Norman 
Lockyer pour les soins qu'il a donnas a ce travail de revision, et 
surtoufc pour les importantes et savaates additions dont il a en- 
richi le texte Fran^ais. Grrace k son z^le, aussi bienveiUant 
qu'^clair^, je me sens plus a I'aise pour solliciter les sufirages des 
amis des sciences, en faveur d'un livre qui a ^t^ compose et inspir^ 
pour le desir d'accroitre le nombre des intelligences aptes k com- 
prendre et k admirer les sublimes connaissances de I'Astronomie, 
et aasez courageuses pour se vouer a leurs progr^s. 

am^dI^e guillemin. 
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PREFACE TO THE FIRST EDITION. 



I AM among those who believe, that the natural and physical 
sciences possess in themselves attraction sufficient to render any 
ornaments superfluous. This conviction has been my only guide 
in the conception and writing of this book, which is not, indeed, 
a scientific one, but a faithful picture of the phenomena offered by 
the Heavens to man's intelligent admiration. 

My plan was, therefore, ready to my hand, and I had but to 
follow Nature, as now revealed to us by Astronomy, in all her 
majestic simplicity. All my efforts have had for their object to 
represent her in all her details as a whole. 

I write for those who, though interested in science, have neither 
the time nor the wish to become professional astronomers : in a 
word, for youth and unscientific ' children of larger growth,' It 
has been my wish, that The Heavens should be read with some- 
thing of the charm of a romance, or, at least, with that so powerful 
interest which belongs to travellers' tales of unknown lands, Por, 
after all, is not the mind of a traveller, when it follows Science 
through the far-off regions of the ethereal sky, journeying on from 
stage to stage, that is, from Sun to Sun, to the very confines of 
the visible Universe ? In our narrative of this journey through 
the infinite, the reader, it is true, will find no sudden turns of 
fortune, no unexpected accident to make the heart b^at quicker at 
the thought of the sufferings of one of our fellow-men : but, on 
the other hand, it will be given him to contemplate the most 
sublime of all pictures — the majesty of tremendous phenomena, 
the unalterable and eternal harmony of the laws of Nature. 

What a vast field, moreover, what a magnificent horizon is 
presented by the Heavens to the most active of human faculties, to 
the imagination ! When our sight, aided by the most powerful 
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PREFACE TO THE FIRST EDITION. 



instruments, dives into tlie depths of space, and finds, instead of 
fe«bly strung points of light, worlds like our own, some smaller, 
some larger than it, a thousand questions rise to our lipa. We 
find ourselves involuntarily making in thought a hundred travels, 
more interesting, more strange, more marvellous than those the 
scene of which lies on our own planet. 

Basing our work on the facts already acquired, we set our- 
selves to huild up our neighbouring worlds ; the configuration of 
their continents and seas, the rivers which water them, their 
mountains, which are the very skeletons of worlds, the living in- 
habitants, animal and vegetable, which people them, all present 
themselves before us in the most various forms. Forced by an 
irresistible instinct to people these worlds with free and intelligent 
beings, we help them at their work, in their wars ; we ask if they, 
like us, have a history and traditions ; then, the thought that 
our humanity is but one individual- state of being among those, 
which on all the worlds throughout boundless space work out 
their destiny, comes to console us ; we are no longer alone to seek 
after truth, and the realization of justice and goodness. 

These, doubtless, are questions concerning which Astronomy 
brings no message to us, and which will long, possibly always, 
continue in the domain of conjecture. Therefore, we have not 
dwelt upon them in this book, leaving the reader to solve them aa 
his imagination may lead him. But the coldest mind, the mind 
least accessible to the suggestions of fancy, cannot entirely banish 
them. In spite of itself, there comes a moment, an hour of reverie, 
when it too propounds the same problems ; and truly we cannot 
wish it otherwise. Does it not afford one proof the more of the 
truth of what day by day becomes more evident, that science 
borders on poetry ? 

In order to make Astronomy accessible to all, it was necessary 
to banish from the work the mathematical portion of the science, 
which forms the essential element in the special treatises on the 
subject. But, on the other hand, the most interesting details 
relative to the constitution of the worlds which people space, the 
moat recent observations made by the magnificent instruments now 
erected in the Observatories of Europe and America occupy a 
large place in this physical description of the Universe, 
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PREFACE TO THE FIBST EDITION. IX 

One word on the sources whence I have selected materials for 
the book. 

I wished to place this attempt to popularize science on a level 
with the most recent and most authentic diacoveries. I therefore 
addressed myself directly to the most illustrious astronomers, both 
in the Old and New Worlds. All of them have liberally lent me 
the aid of their knowledge ; original memoirs, photographs have 
been forwarded to me from the various scientific centres, with a 
generosity for which I must here publicly express my extreme 
gratitude. Nor have I lacked encouragement and advice. The 
venerable patriarch of contemporary astronomers. Sir John Hers- 
chel, Admiral Smyth, Mr. Warren De La Rue, and Mr. LasseU 
in England ; the illustrious Director of the Observatory of 
Poulkowa, M. Otto Struve, in Russia ; M. Littrow, in Germany ; 
and Professor G. P. Bond, in America, are, among foreign 
astronomers, those to whom my best thanks are due for their 
generous aid. 

In France, M. Leverrier at once placed the library of the 
Imperial Observatory at my disposal, and gave me permission to 
make from nature the drawings of the most important instruments 
in this magnificent establishment. MIT. Laussedat, Chacomac, 
and Goldschmidt, have aided me by their advice, and have com- 
municated to me their observations. 

Nor is this all. I have largely placed under contribution all 
the ancient and modem pubKeations on Astronomy, the interesting 
works of Schriiter, Laplace, Beer and Madler, the two Struves : 
Harding's Celestial Atlas, and that constructed by the illustrious 
astronomer of Bonn, Argelander ; the special periodical so full of 
facts, the Astronomische Naehrichien of Altona, the Memoirs and 
Monthly Notices of the Royal Astronomical Society of London ; 
the works of Airy, Hind, Lord Roese, and Sir Thomaa Maclear ; 
the pubKeations of the Academy of Sciences of St. Petersburg, 
Humboldt's Cosmos, Arago's admirable ^s/to»o«**/; and, finally, 
all the precious communications to be found in the C'omptes Bendua 
of the French Academy of Sciences, in which the names of such 
Frenchmen as Arago, Biot, Babinet, Faye, and Delaunay, are found 
associated with those of all the savans, members of this great 
republic of science, who belong to other countries. 
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TO THE FIRST EDITION. 



Sucli baTe been my fellow-labourers in the preparation of this 
book. It will be easily uuderstood that it was not a question 
of gathering at hazard from the immense collection of ancient 
and modem works, which form the archiTes of Astronomy : it 
was necessary that I should choose the most incontestod facts, the 
most recent and most authentic observations ; that I should dis- 
cuss and compare the numbers, which in Astronomy have such 
interesting meanings; that I should -often go over calculations 
which lead to them myself ; in one word, that I should show to 
the pubHc, for whom the book has been written, and who have 
not always the means of verifying an Author's statements, with 
what respect for the truth, and with what conscientious care, I 
have acquitted myself of a work so attractive to me. 

It rests with the reader now, to say, whether I have known 
how to profit by these materials, and whether, Uke a painter before 
a beautiful landscape, I have been able to portray beauties of the 
grandest of all scenes, that of the infinite variety of the stars 
moving in concert through boundless space. 



The Editor's Additions and Notes are enclosed iu brackets [ J. 
The Notes followed by initialB have been contributed respectively by 



Mr. BiLFOUK SlEWABT. 

Rev. W. R. Dah'es. 
Eev. T, W. Webb. 
Mr. W. R. BiRT. 
Mr. K. A. Phoctoe. 
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THE HEAVENS. 



What ars tlie Heavens ? Where the shores o' that limilless ocean ; 
where the bottom of that unfathomable ahyss ? 

What are those brilhaat points — those innumsrahle stars, which, 
never clim, shine out unceasingly from the dark profound ? Are they 
sown broadcast — orderless, with no other bond save that which 
perspective lends to them? Or, if not immovable, as we have so long 
imagined, if not golden nails iixed to a crystal vault, whither are 
they bound ? And, finally, what are the parts assigned to the Sun, 
our Earth, and all the Karths attendant on the glorious orb of day, in 
this tremendous concert of celestial spheres, — this sublime harmony of the 
Universe ? 

These are magnificent problems, of which the most fertile imagi- 
nation would have in vain attempted the solution, if, f th g ate 
glory of the human mind, Astronomy- — -first-bom of the & nee — had 
not at length come to our aid. 

How wonderful is the power of man I Chained down to the 6 fa 
of the Earth, an intelligent atom on a grain of sand lost iu th mn n t 
of space, he invents instruments which multiply a th u ndt Id h 
vision he sounds the depths of the ether cuages the visible umver^e and 
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them to pass the night in the open air, where the clear sl^ tmfoldad 
before them perpetually the most glorious sceuea, they ought to have been, 
and they were, contemplative Mtronomers. And all of ua wonld be what 
they were, did not the rigour of our elimato and our variable atmosphere 
so often prevent us observing the Heavens ; and did not, moreover, the 
turmoil and cares of civilised life deprive us of the necessary leisure. 

Nothing is moiie fitted to elevate the mind towards the infinite than 
the pensive contemplation of the starry vault in the silent calm of night. 
A tiiousand fires epajkle in all parts of the sombre azure of the sky. 
Varied in colour and brilliancy, some shine with a vivid Sight, perpetually 
changing' and twiniling; others, again, with a more constant one — 
more tranquil and soft ; while very many only send us their raya inter- 
mittently, as if they conld scarce pierce the profundity of space. 

To enjoy this spectacle in all its magiiilicence, a night must be chosen 
when the atmosphere is perfectly pure and transparent — one neither 
illuminated by the Moon, nor by the gUmmer of twilight or of dawn. 
The Heavens then resemble an immense sea, the broad expanse of which 
glitters with gold dust or diamonds. 

In presence of snch splendour, the senses, mind, and imagination, 
are ahke enthralled. (^The impression gathered is an emotion at once 
profound and religious, an undefinable mixture of admiration, and of 
calm and tender melancholy.) It seems as if these distant worlds, in 
shining earthwards, put themselves in close communication with our 
thoughts. 

But Sentiment has but one part in this emotion, and soon Intelhgence 
asserts her sway. It asks how these myriads of stars, scattered here and 
there, can reveal to those who have studied them the structure of the 
universe ; by what method they have succeeded in distingnishing them, 
iu calculating their distances, and determining Iheli- movements. Further 
on, we shall attempt to give an idea of the manner in which these interest- 
ing problem'^ have been solved; at present, and before entering into a 
more detailed description, we shall endeavour to sketch with a free hand 
the panorama of the Univerae. 

At a fir«t ^lince at the atan'y firmament the stars seem pretty regu- 
larly distributed ; nevertheless, looii at that whitish, undecided, vapoury 
glimmer which girdles the heavens as with a belt. It is the Millty Way.* 
As we approach the borders of this star-cloud in oar inspection, the stars 
appear more and more crowded together, and most of them so small that 
the eye can scarcely distinguish them. The acciminlation of stars in the 
direction of the Milky Way is more especially visible when we examine 
the heavens with the aid of a powerful telescope. 

The Milky Way itself is nothing more than an immensely extended 
• Via Laeifn. It is also called llie Galnsy, from yaXaJia, the Greek word for 
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zone of fitara, tliat is, of suns ; since, as we know, and as we sliall explain 
ill the seqiiel, eacU star, from the most brilliant to the faintest, is a sun. 

Here, then, is an immense group, a gigantic assemblage of worlds, 
wtich seems to embrace all tUe Universe, if it be true that the greater 
number of scattered stars situated out of the Milky Way, nevertheless 
form part of it. In reality, this multitude of millions of suns is divided 
into numerous and distinct grotips, and those into others still more 
restricted in number, each composed of two or three suns. 

Wliat breadth of space does each of these groups occnpy ? What is 
the measure of the space which holds them all? Tlie most powerful 
imagination in vain attempts to answer these (questions intelligibly ; here 
nnmbers fail ns. 

Let us add — without comment in this place, as we shall retiim to it, 
— a fact well proved, and one which will seem sti-angc to many: — onr 
Sun himself is a star of the Milky Way. 

The foregoing, however, is but a first sketch of the structure of the 
visible Universe. 

In examining attentively every part of the starry vault, a keen eye 
perceives here and there whitish spots resembling little clouds. One 
would say they were so many patches detached from the Milky Way, 
from which, however, they are often very distinct and very distnnt. The 
telescope discovers by thousands these doud-patches, these — to give them 
their astronomical name — Nebultie 

[It was formerly imagined, that each of the e sta clo 1 i notl n^, 
less than an aggregation of stars verj close t gether ind er n n e s — 
so many Milky Ways lying outside o o^u an 1 f r fl b o t part > 
distant that the most powerful in tr ments ere able only to d t ngu li 
a confused glimmering. One ot the mo t mj orta t 1 ser at ons f 
modern times, however, has shown that many of these neb le n 1 1 n^ 
'u northern hen sphere — tl at in the & o d 

as es of glo ng gases 
f h id Ike masses — cloud hi e b r =i h of 

u m ly sh n ng on a bad gr n d m rently 
no doubt r mo e bnU int Iha tl e r i I 
1 b , railed Star cl iters h ch ire nearc t 
us, ar m g h m g ns objects re ealed to u by r tele cope .] 
Let us attempt now to conceive what fearful distances separate these 
archipelagos of worlds from our own ! 

Unfathomable abysses whose unspeakable depths the most powerful 
telescopes increase indefinitely ! Profounds, endless, bottomless, but lit 
up by millions of suns 1 

Such appears to us the Universe from the natural observatory where 
we are placed. But to obtain a more complete idea of its constitution, of 
the infinite variety of its membera, we must descend from these regions. 
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where the iic^lit and miml are lost, to a group, nearer to lis, and therefore 
more accessible to the investigations of man, — to that group, or syetem, of 
which the Earth forms part. Of this the Sun is the centre. 

Bound this focus of light and heat, but at various distances, revolve 
more than a Imndi-ed secondary bodies, — Planets, some of which are ac- 
coiapanied by smaller ones — Satellites. Not self-lnminous, they would 
be invisible to ua, if the light, which they receive from the Sun, were not 
reflected towards the Earth, making them also appear as luminous points 
spread over the celestial vault like bo many stars. Sucb would ba 
the appeaiance of the Earth -een in epace, at a distance safiiciently great. 

A common cliarai-tfr distinguishes all the celestial bodies that form 
part of this gro ip — the b lap System — from the multitude of other 
stars. For while the Suns composing what is called the Sidekeal 
Universe are situate 1 at distances seemingly infinite, the bodies Com- 
posing the gioup of which we speak are relatively much nearer the Earth, 
— are, in fact, our neighbours. 

What results from this double fact? Two \ery simple conser[uences, 
easily understood. 

The first is, that the stars do not undergo any sensible change of 
position in the starry vault. Their distance is such, that they appear 
actually at rest in the depths of space ; hence the term Fixed Stan, — 
now abandoned, because a minute and elaborate study of their relative 
ptsitions baa established the fact tliat the stars really do move in the 
remote regions of the heavens. The apparent immobility of whicb 
we have spoken, and which is one of their cbavacteriaties, is evidenced 
by the uniformity of appearance preserved for centuries by the arti- 
ficial groups of stars, to which the name of Constellations has been given. 

Now, it is otherwise with the bodies that revul\e round our Sun : 
they arc near enough to the Earth to allow of their displacements 
in space being perceived in short intervals of time. Travelling, by virtue 
cif their proper motions aJung the stairy vault, distances which appear 
greater as their own distance from us ia less, these bodies received at the 
outset the name they have since retained — Planets, or Wandering Stars. 

It is thus, that, when we stand in the middle of an extensive plain, we 
judge distant objects — those that border the horizon — to be immovable ; 
whilst we instantly perceive the slightest change of place in the near ones 
It is true that when we ourselves move, the real movements b m m 
plicated with the apparent movements, but the former must lie di t h d 

if we wish to have an exact idea of the actual course trav 11 d Th 
complication of the apparent movements of the planets, — ces 
consequence of the movement of the Earth, — is one of the m t t 1 n 
testimonies to the reality of the latter; but it must be also Id d th 
this was precisely the stone of stumbling of ancient astro my 1 1 
the time — and that not long ago — when the real movements m I 
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It ■will soon be seen, in the detailed de*;' I'ijition of eacli ol iLe jilanet'j 
of the solar system, wiint wonderful variety reigns within its hmiti. 
Movements of rotation, movements of revolntion around tlie common 
centre, the duration of these movements, distances, forms and dimensions, 
distribution of light and lieat, all change in passing from one planet 
to another. And yet, marvellous thing, the same laws govern all. 
in such a way, that the unity of plan is not less marked than the 
astonishing variety of the phenomena. 

One circumstance common to all the bodies of the solav system forcibly 
strikes the imagination. It is, that these enormous masses, — these 
globes, many of which are much heavier than the Earth, and lastlj', the 
Earth itself, not only are suspended in space, bnt move through the ether 
with velocities truly stupendous. 

Imagine yonrself a spectator, standing immovahle in space. A 
luminous body appears in the distance, little by little you see it approach 
and increase in size; its immense circumference, which exceeds a 
hundred thousand leagues, is in rapid rotation, whieli makes each point 
on its periphery travel through nine miles a second. The globe itself at 
last passes before you, carried through space with a velodty twenty-fonr 
times greater than that of a cannon-ball. In such a way Jupiter would 
appear to you travelling in its orbit. This headlong course would banish 
it lor ever, to the most remote regions of the visible universe, if it were 
not subdued and held by the powerful attraction of a globe a thousand 
times brger than its own — by the Sun himself. Not only does 
Astronomy show, by undeniable proofs, the reality of these marvellous 
movements, — not only has she arrived at the knowledge of their invariable 
constancy, at least duiing thousands of oentnrie'i but she has found 
in their very rapidity the ciuse of the stabihtj of all the celestial bodies 

If there is difficultj in iinagmmg such masses freely cirtiditmg m 
the ether, how much moie are we impressed when we conaidpi that 
these rapid movements ire not emfined to the planets, and when we 
look upon the Sun with all its retinue I'i moving in au orbit let 
unknown, himself attracted no doubt b\ i mjre powerful Sun or b> 
a group of Suns! All the ttnis which bj reason of their infinite distances 
appear immovable, move in different directions and i\e shall see latei, 
that if these movements aie performed with extreme slownds the 
slowness is apparent onU In redit\ these are the most rapid celestial 
movements that we Imow of 

Thousands of centurie-: will be necessary befn'e thes^ miraen e 
sidereal voyages are accomphshed Then vast periods are to the len^'tb 
of our year what the dimensions of the Earth are to the distances of the 
stare; and, according to the hapi)\ expression ff Humboldt lhe\ 
make of the Universe an eternal timekeepei Ihns in the contemplition 
of celestial phenomena, the idet of inhmte duration impresses itself tn the 
mind with the same irresistible powei as the idea of the infinitj ot 8[ ace 
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6 THE MEAVEXS. 

Such is briefly the magnificent field explored by Aetronomy. 

Other natural and physical edences teach us to study nature in 
its more intimate myateries; ihey unveil to us the molecular constitution 
of bodies; the play of their combinations and metamorphoses; their 
thousand nsefal and curious properties; the development of organized 
living beings, both vegetable and animal, and even of man himself, one of 
^Thoae noblest attributes seems to be the gift of knowing, and who 
appears by the light of science as tJie most perfect creation of the 
organizing forces. 

But it is Astronomy that reveals to us the Universe in its majestic 
whole ; it is she who has made us comprehend its structure, and after 
having gathered its thousand various elements into a gorgeous picture, 
has initiated us into the eternal laws that govern the Heavens. 
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PART THE FIRST. 



THE SOLAR SYSTEM. 



The group or system of celestial bodies, of which the Earth forms 
part, — a system known in Astronomy under the name of the Solar or 
Planetary System, is composed, according to our present knowledge, 
of a hundred and fifty-nine bodies, which may be classed in the follow- 
ing-^manaer ; taking into account at the same time, both the part 
which they play in the system, and the order of their distances from 
the Sun : 

1, A centfal body, relatively immovable in the group ; much 
larger than all the otters, and self-luminous, the Sun ; 

2. One hundred and twenfi/ -three sewndari) hodies, or Planets, 
situated at increasing distances from the Sun ; revolving round him in 
orbits nearly circular ; and receiving from him the light which renders them 
visible to us. The planets may again be divided into three principal groups : 

The smaller planets, those nearest to the central body, are, in the 

order of their increasing distances from the Sun : Mercury, 

Vbnub, the Earth, Mars ; 
The larger planets, those most remote from the central body ; Jupiter, 

Saturn, Urands, Neptuse ; 
Lastly, the minor planets, or Asteroids, forming between Mare and 

Jupiter a ring, which separates the two first groups ; 
One hundred and twelve small planets are now known, but there are, 

no doubt, many more ; 
S, Twenti/'two tertiary bodies, or SateUites, revolving round some of 
the principal planets ; such as the Moon, which accompanies the Earth, 
Jupiter has four such satellites ; Saturn, eight ; Uranus, eight ; Neptune, 

5, Thirtemi Comets, the periodical returns of which have been proved 
by observation, revolving round the S'ju in very elongated orbits. 

Independently of the hundred, and fifty n ne bodies ■which we ha'vejuBt 
enumerated two hundred othei comets are known some f which travel 
lound the ''Un in rbita so elongatel inl in times so ^a t that their 
letnm has not jet been pio\el by ctservation althoT'h it has been 
at,prcxmatKh calculated Others de cnbe curves which may be called 
infimta and alter ha\ing once af-jroached our ^roup ha\e al andoned 
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S THE SOLdE BISTEII 

It peihaps for cier V \ear iieier jiaxsei nith ut new c mefs l>emg 
diicoiered 

^\ e must hen. ilbo meutir n i nebulous nus; nf a lenticular torm the 
Zodiacal Light Tihich Burrounils the '^un at a certain di tance and the 
position of whicli m the Bjstem is not \et clearly determined and 
teiidea tbi« one or two cr e'ven jiore ncga compoaei of a mnltitude of 
Bm<i!l bodies repealed to us bv the appearante and fill of Mettoritei, 
Meteors and Falhng or Shooting Stars 

The &IT1 the fkneti and their satellites ^11 ^s-sume a ■jpheiicil form, 
a iiietime' flattened at the e'litiemitiea ot one diame er In the more 
imjortant ot the'^e bodiea movements of rotation ha^e been defected 
the«e movements all take place in the aime direction a" that of the Earth 
■i'itronomers by an anab^v based on the law* of mecbamcj extend this 
m vemeut of rotation to all the bodiea whiih hi\e hitherto baffled our 
scrutiny in this particular \. apcoud movement, which we call one of 
revolution or of translation imj-ela all the planets lonnd the bun ind ail 
the sitellites round their reapeclive planets in 1 mes which vary with the 
dimensious f the ojbits described by virtue of a remarkable law, the 
disc very of vvhich we owe to the gemu'j of Kejler * 

Ihe direction of the movement of revolution la the anme fu all the 
bodiei of the aolar sjateni f and this direction is preciaelv that of all the 
movement'; of rotition In order that the reader may grasp thia im- 
portant point let him turn to Plite I vihich lepresents the orbita of all 
the knoun planets :f The arrow m each ease mdicatea the direction of 
the f lanet s rev jlution round the ^un Now let us suppo'^e an ob«erv er, 
placed m tie centre of the diagram in such a wa\, that his feet resting on 
the plane of the paj ar his head will be in the northern hemisphere of the 
Vflvena In this position it is easy to see that the movement indicated by 
the arrow will take place from the right to the left of the observer. Such 
is the direction of the movemeata of revolution of planetary bodies. 

J.et us now compare this movement to the movement of rotation of 
the Earth on its axis. The centre of our planet is situated on the plane ; 

• The law nhich defmes the raoverneiit of all celestial bodies is referred to in 
Pari III. Book i. 

+ We mijst escept, however, the satellites of Uranus, one of tie seven ooroets 
of short period, and a great number of other cornels. 

J In this f lite the orbits of the planets have been represented bj the droura- 
fersDces of circles, although in renlity they are of an elliptical or oval form. Nof 
is the Snn, as represented in the figure, exactly in the centre of each orbit ; bat it 
would have been difficult, not to saj impossible, to render these differences appre- 
ciable on so small a scale. 

That which it; in absolntely neeeBsnry to show correctly in thia representation of 
the Solar Sjslam are the rdative diacanoes of the difTarent planets from the eom- 
rnon focus. The illu-stration represents the dimensions of the orbiis in their true 
proporlJOQ, with the exoeption of the orbits of the satellites, the dimensions of 
which have been necessarily enlarged. The positions of the planets are ttose which 
iheie bodies actually occupied in space on the 1st ot January, 18U&. 
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the nortli pole is above it, and.tte south below it, in sucb. a manner, that 
the tei'restrial rotation which takes place — as proved by the daily move- 
ment of the heavens — from west to east, is also to the observer a 
movement from the right towards the left. If the name of north pole is 
given to that pole of each of the other planets, which is situated above the 
plane of which we speah rb'ervatin "ihows that if is always from right 
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BOOK THE FIRST. 

THE sux. 
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As every one knows, the naked eye cannot bear the liriglitiieas of the 
Bun. Not caa this be ■wondered at, if we remember that the intensity of 
its light as seen from the Earth is eight hundred thousand times greater 
than that of the ftiU Moon, or twenty -two thousand million times that of 
tlie most brilliant star.* To obtain therefore, a clear idea of its form, we 
must take advantage of opportunities when clouds, or, better still, dense 
fogs, interpose themselves between the eye and its radiant body. The 
use of telescopes would be still more dangerous than that of the unaided 
sight, if observers did not take the precaution to use dark or coloured 
glasses to shield the eye, inasmuch as lenses and reflectors concentrate 
to their/oci'a considerable quantity of light- and heat-rays. The eye 
would be dazzled, or even utterly destroyed, without this indispensable 
precaution, f 

A first rough glance shows us that the disk of the Sun is circular. 
But the use of accurate instruments leaves not the least doubt in this 
respect, and numerous micrometric | measurements have proved that all 
the diameters of the disk are exactly equal. The Sun has then the 
appearance of a perfect luminous circle, and as it is not less certain that it 
turns on an axis, and therefore successively presents different faces to us,, 
we can only conclude that its 'form is in reality that of a perfect sphere 
without any trace of irregularity or flattening. 

In the morning when the-Suu rises, or in tlie evening a little time 
before its setting, if the^ atmosphere be rather misty, the solar disk may 
often be observed by the naked eye : it then appears to be larger than 

• [There is, however, lo judge from the differant results obtained by differert 
pSysieists, some uncertainty attaching to these nninbers. The complicative bright- 
ness of the Sun to Vega in Lyra, as given by different observers, is as follows; — 
Woiisston . 180,000,000,0001 
Bond . . . 24,000,000,000 ^ to 1. 
Clark . . . 10,400,000,000) 

The ahsolnte amount of light emitted by the Son is another matter ; he wonld 
really appear less bright than a Centauri, if we could see both at the same distance. 
The intrinsiclight of the Sun, or the amount eujitted byaunit of areaofhissnrfaee, 
is yet another matter. It has been supposed th«t» Centauri is intrinsically brighter 
than, the Sun ; but as we do not knoV tiie real dimensions of this star, we can foi-m 
no certain opinion on the point. 

+ In our Chapter on Astronomical Instruments in Part III, we shall describe 
the various methods of solar ohsewadon by which these olyeotions are ai'oided. 

{ Thnt is to say, made with micrometers — instruments which Bei-ve to measure 
very small objects and small angles, of which more anon in Part III. 



Hosted by 



Google 



usual, null its contour differs sensibly from tliat of a cirele. But these 
are illusioiiB, tLe cause of which we shall try to explain farther on. 

The apparent dimensions of the Sun do not remain the same through- 
out the course of a year. The average size is such, that three hundred 
and thirty-seven disks equal to its oi\-n, placed side by side, would cover 
a half-circle of the celestial vault : its average diameter being somewhat 
more then half a degree.* But in winter it appears larger than in 
summer, at least to the inhabitants of the northeni hemisphere of the 
Earth, In the southern hemisphere it seems lai^er in summer than in 
winter, because, of course, our winter is their summer. This change of 
size most not he attributed to a real change in the dimensions of the Sun. 
It is easily explained when we know that the annual revolution of the 
Earth round the central body is effected in a cur\-ed path, of which the 
Sun does not occupy exactly the centre. The distance of the two bodies 
varies therefore from one day to another, and it is tj^wards the first days 
of winter in our northern hemispliere that the Earth is at its least distance 
from the Sun. The different sizes of the solar disk, as seen from the 
Earth when at its least, mean, and greatest distances from it, ore shown in 
g diagram :— 




We see, then, that the apparent size of an object varies with the 
distance : similarly the size of the solar disk ought to vary, seen from 
each of the planets of the syatem; The more distant the planet from the 
Sun, the smaller will the Sun appear. To avoid giving numbers, which 
would convey no definite idea to the reader, we have induded in the same 

' It is usuiil in geometry in divide tlie circiuufer^ice of tlie cirele into StiO equfit 
parts, eftch of whicli is called a degree, and is represented thus ; 1". Each degree 
is Bubdmded into tiO minutes, and eHch minute into UO seconds: a minute Is wriiten 
1' ; and a seoond, i'. [Properly speaking, however, degrees, mioiites, and seconds 
are the anglrs subtended by these arcs respeotivaly.^R.A.P.] 

i Ifne represent the lomioous surface of the Son b; 1000 at its menD distance 
ITom the Eanli, the nnmliars DQT and 1034 nill represent the same mu'faee as it 
appears to ns at the Sun's gieatest distance in July, and at its least distance about 
the iBt of Januai7, The same numliers give us also the relative qncntjties of heat 
and of light received by the Earth at these diiferent epochs, so that in summer the 
Sun Tvarms and lights our globe less than during winter. This apparent aaomaly 
will be explained when we describe the terrestrial seasons. 
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<liagi-iim (fig. 2) the comparative sizes of the Snn as seen from each of 
the principal planets at their mean distance. But it must not be forgotten. 




that if the apparent size varies, the intrinsic intensily of the light remains 
the same, of course leaving out of consideiation ahsorptioii by tho 
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pUnetfliy ntmo spheres, of the power of whicl thi sf ] ^ j t 
Iniowii. The quantity of light or of heat reoe 1 1 y pi t I j 1 
upon the extent of the apparent surface of the ao3 TiaL, 

From Mercury, the planet neai'est tlie Sun, tl b Ij w th t 

greatest apparent dimensions; from Neptune, th t ■) tl f 

smallest. The luminous surface appears 6670 t m 1 f th 

former of these planets than from the latter, sit t d kn w tl 

confines of our system. When we come to study th pi al tit t 
of these bodies, we shall return to the quantit flglt Iht tl 
■which the solar effulgence bathes the surface f tl pi t "W I 

only say here, that, if to the inhabitants of the E rth th d t f th S 
presents an apparent surface seven times less tha th t f m M nij 

if, in Neptune this surface is further reduced a thousand times, it still 
preserves, as seen from this last globe a brilliancy superior to that of all the 
bodies, whether planets or stai-a, that we on the Earth see in the heavens, 
although at this distance the immense luminary would appear hut as a 
point, lost amid the innmcerable fires of the staiTy vault. 

The apparent size of an object — in other words, the angle formed 
by the visual rays coming from its two extremities to our eye — teaches 
MS, however, nothing of its real size, so long as we are ignorant of its 
distance from ns. 



the 



What is, then, the distance of the Sun from the Earth and from 
other bodies of our planetary system ? 

Let xxs take, first, the distance of the Earth from the Sun, without 
sideling for tlie present the particular methods eaiployed to 

This distance is 95,2^8,260 miles,* equal to 2i,000 (i 
to 23,984) semi -diameters of our planet. It was about the middle of 
last century that this determination was arrived at, 

* It is certain tbat tlie distance of the Snn from the Earth as stated atiove re- 
quires to tie oonsjderablj diminished. Tlie laTioura of Le Verriei- and Hansen, tlis 
observaUons of Mars made by Stone and Winneclie, the new determination of the 
velocity of light by Leon roucault, all poiat to the necessity for tliia correction, 
which mil entail a series (^f moditioations in the numbers at present adopted for the 
various elements of the solar system. 

[The old value of the Sun's parallax (a word which we shall subsequently ex- 
plain), and the, values recently obtained, are as follows ; — 

The old value obtained hy Beasel from the transit of Venus .... 8'o7S 
The new value obtained by Hansen from tlie Moon's parallaotio equation " 

„ „ „ IVinnecIie from the observations of Mars . 



Foucanlt, itom the velocity of light 
Leverrier, from the motions of Mars and Ver 
and the apparent motion of the Sim 



This small p^rrection, amotinting to only two-fiftlis of a second of arc, brought to 
light in the first instance by small disturbances in the motion of the Moon and 
planets, should, it has been well remarked, inspire astronomers with additional 
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Very different from tlie distance just given «a'i that adopted 
hypothetically by Pythagoras. This philosopher, \\lio lield ideas of the 
system of the world so similar to those which a long series of labours has 
definitely established, assigned 44,000 miles as our distance from the 
body, which warms and lights ua, a distance whicli would give as its 
diameter 75 miles. Bearing these figures in mind, we can understand 
the ancient assertion which, perhaps, would still astonish many of us, 
that the Sua is larger than the Pelopounesus.* 

The very large numbers, which are so often met with in Astronomy, 
leave for the most part only a very vague impression on the mind. It is diffi- 
eilt loi the imagination to figure the oljocts that thej lei e ont and 
where it is a question even of moderate d stinces it is oi 1> h\ the 
•itl of compinsons that we can arrive at •m\ prec se ilea It theie 
distances are greater than tho e which we can actuiUv see on a 
terrestiial horizon siy than 2j or 5J miles the imi^e properlj so 
nlled van &hes and we are compelled to have recouise to othei means 
ot representation ; for example, we ask how much time a locomotive, 
going at a known rate, will require to traverse tho given distance. The idea 
of dnration comes then in aid of that of space to complete and perfect it. 

Let us see with what exactness we can by this means form a concep- 
tion of the distance which separates the Earth from the Sun. 

Light — the propagation of which is the most rapid movement 
known, and which travels at the rate of 192,000 miles in a second of 
time — requires 8 minutes 17 seconds to flash from the Sun to the Earth, 
If we suppose the intervening space to contain atmospheric air, a sound, 
with an intensity sufficiently great to put in motion a sphere of 
such enormous dimensions, would take fourteen years and two months 
to reach our ears, sound travelling, as we know, about 1115 feet a second. 

confidence (if that were needed) in the exactness of their science and in the fixed, 
ness of the lawn irhich bind the Kosmos together. And if, on the other hand, a 
contrary misgiriag is created in other minds from the fact, that this abmpt altera- 
tion of so iiiiporlont an element as the solar parallax implies an alteration of some 
four millions of miles in the Sun's reputed distance from oar Earth, this misgivir^ 
may, perhaps, be removed, (13 Sir John Herschel has suggestpd.by the consideralion 
that ^er all tliis improvement of om- knowledge amounts to no move tiian a cor- 
rection to an observed angle represented by the apparent breadth of a human liwr 
viewed at the distance ot about 125 feet.] 

• Before 1709, astronomers bad endeavoured to determine the distance of the 
Sun in -various ways. Aristarchus of Samos, and afterwards Ptolemy, Copemions, 
and Tycho, supposed it equal to 1200 radii of (he Earth, nearly 4,800,000 miles, 
that is to say, twenty times less than the actual distance. Kepler tnpled this number. 
Cassini and lacaille approached tbe nearest to the truth. According to D'Alerabert, 
the latter of these laraati valued the distance in question at 31,000 terrestrial radii : 
Cassini at 3B,D0O. The same author ^ain quotes a distance of 13,000 diameters 
of the EarUi, which ia pi'ecisely that now adopted; but he does not give the name 
of tjie astronomer who arrived at this estimate. Arago,in his "Popular Astronomy," 
alludes to the measures of Eicdoli and Hevelius, giving 7000 and 9300 terrestriaJ 
radii respectively ; lastly, those of Richer and Miwaldi, deduced from oppositions of 
Mai's, filed the mean distance of the Sun at 21,713, and at 2l),(iaG terrestrial radii. 
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16 THE SOLAR ST STEM, 

Finally, an express train going at the rate of about 30 miles an hour, 
leaving the Earth the first of January, 18U6, would not aiTive at the Sun 
until the year 2213, nearly 3i7 years after the day of its departure. 

We can thus form an idea of the immensity of the cha^m which lies 
between the Sun and our globe, — an immensity, the measure of which is 
expressed by the round number, so simple in appearance, of 95,000,000 
miles. It is this number — this S6,000,000 miles — which will hence- 
foith form the unit, the ' standard measure,' by means of wMch the other 
celestial distances will be expressed. 

The distance of the Sun once known, we have only to solve an easy 
problem in geometry, to deduce its real dimensions from the apparent 
size of its disk.* We thus know that its diameter is about 112 times 
(112-OG) the diameter of the Earth, or, as it may be expressed in miles, 
887,076. The circumference of our great light-giver, therefore, exceeds 
2,785,400 miles. 

The Moon, as we shall see in the sequel, revolves round the Earth at 
a mean distance of SO diameters of our Earlh. If, then, we imagine the 
centre of the solar orb to coincide with the centre of the Earth, not only 
would the orbit of the Moon lie entirely within the Sun, but to reach its 
surface, a distance equal to 26 Earth-diameters would still remain to be 
traversed. Fig. 4, drawn to scale, will show this clearly. 

So much, then, for the linear dimensions of our Sun. 

If we ask what is the extent of the Sun's surface, and what its volume, 
we find that the first comprises the enormous number of 2,471,665,000,000 
square miles, that is, 12,611 times the entire surface of the terrestrial 

• This protilem is so simple, in fact, that we cannot resist the temptation of 
proving onr usseriion. Take a disk of white paFiteboard, say of about four inches 
{the French eq^uiTsleots ate given in the figure) in diameter, place it vertieally, and 



Fig, S.— Dimenaiona of tjie 6un ruucQu rroto its distance and its jippAi^nt diameter. 

move away from it little by little until its apparent dimensions are precisely tha 
same ae those of the San, that is, until the pasteboard disk will exactly cover the 
solar disk. Observation shows us that tlie distance between the eye and the disk is 
very nearly 12 yards. 

Now it is easy to see from the preceding figure, that there is between the real 
dimensions of the pastebotird disk and those of the Sun precisely the same relation 
as between the distances -which separale the observer from each of the two objects 
in question. The diameter of the Sun is therefore to the diameter of the disk as 
1)5,000,000 miles are to the distance of the disk from the eye. The method 
employed by astronomers is less elementary ; but in the niEiu it is based on the 
SBjne principle. 
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sphere. If we pass to its volume, it is impossible not tu be startleil at 
the colossal number of 364,345,641,000,000,000 cubic miles, a number 
wbioh represents more than 1,400,000 times the cubic contents of the 
Earth. 

Arago, ia his ' Popular Astronomy,' quotes tbe following compariion, 
well adapted to give an idea of the immensity of this volume ; ' A certain 
Professor at Angers, wishing to give Ms pupils a tangible notion of the 
size of the Earth compared with that of the Sun, counted the number of 
grains of wheat of ordinary size contained in a measure called a litre ; he 
found this to be 10,000 ; consequently a decalitre would hold 100,000 ; a 
hectolitre 1,000,QOO, and 14 decalitres, 1,400,000. After having 




gathered into one heap the 14 decalitres, he held up one grain, and said 
to his listeners, " Here is the volume of the Earth, and here is the Sun." 
This statement of the case struck the pnpils infinitely more than if he had 
announced it in abstract numbers, 1 to 1,400,000.' 

Vihen we shall have seen what are the actual dimensions of this grain 
of com which represents the Earth, we shall be more surprised still, and 
our imagination ivill be crushed under the prodjgions size of our world's 
light-giver, which, nevei'theless, is but itself a grain of luminous dust lost 
in infinite space. 

Our Earth being only one of the members of the planetary family, it 
would be only natural to extend the comparisons that we have made 
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18 THE SOLAK SYSTEM. 

between its volume and that of the Sun to the principal celestidl bodies 
which revolve with it round the central iocut. But, lu the detailed 
description that we shall snbsequently give of eaeh of these bodies, 
we shall take occasion ti> enlarge more on their proper dimensions. To 
deal with them here aa a whule, wo may remarli that the volume of the 
Sun is itself equal to GUO tiiaea the united volumes of all the planets and 
their satellites put together. 

That we have been able, hy means of the data supplied hy observation, 
and the laws of geometry and optics, to measure the true distances of the 
celestial bodies — at least of those nearest to us ; that from their distances 
we have determined their dimensions in diameter, in surface, and in 
volume, is not difficult to understand, and our readers will doubtless 
readily admit what we have already said, although we have not finished 
with the subject, as the question of distance will be again discussed in the 
third part of this book. 

But that astronomers should pretend oven to know the weight of the 
different celestial bodies, and to say how many Earths may be placed in 
one scale of a balance to hold the Sun in equilibrium in the other, will 
seem paradoxical, at all events, to many. We shall, farther on, show the 
posaihihty of conclusions apparently so audacious, the inquiry into which 
may seem to border on presumption. We must, however, in the luterim 
invoke a sentiment which is but rarely required in science — faith in our 
assertions, not a faith which shelters itself under the impenetrabiUty of the 
mysterious, but one which will become by future study clear and demon- 
strated truth. 

Compared with the mass of the Earth, the mass of the Sun is only 
about 355,000 times as great, although its volume, as we have seen, is 
1,400,000 times larger. This indicates a less density; and it is found 
that the matt«r of which the Sun is composed weighs but little more, 
volume for volume, than a quarter of that of which our own globe is 
formed. The weight of the Sun may thus be expressed in tons i 

3,154 106 5'«0 000 000,000,000,000,000 

It ranks, as we see amon^ those numbers which present nothing to the 
mind, and leave the ma^ nation tself powerless. 

We shall find that among the bodies of the solar system, there 
are many planets who e dime s o s and masses arc considerable when 
compared to our Eartl Themassof the Sun alone, however, is equal to 750 
times the united masses ot all the bodies which it mamtains in its sphere 
of attraction, and to which it dispenses light and heat. 
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II. 

Solar Observfitioos — Sun-spots— The Sim's mosement ol^Eofation— The Kew Pho. 
tographs of the Sun— The Telescopic appearmice of the General Surface — Mr. 
Naamyth's 'Willow-leaves' — Opinions of other Astronomers — The appenranee 
of tho Penumbra — Umbra and Penumbra of Spots — Enormous Spots — Their 
rapid Change of form — Mr. Carrington's Researches on their Proper Motion. 

When clouds or mists are thick enough to mitigate the dazzling Bpleiidour 
of the Sun's rays, but yet sufficiently transparent to enahle us to see its 
di-sk, with its distinctly circular form, the surface of the luminary appears 
to us uniformly Imoinons, -nith no spot dimming its brightness. The 
same appearance, as every one knows, is presented wlien wo observe it 
through a plate of black or smoked glass. 

But if, instead of confining ourselva? to observations with the naked 
eye, we examine the body with a telescope of moderate magnifying power, 
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.Sun was observed, there were only 372 days on which spots 
observed on its disk, 

Aa many as 80 spots have been visible at one time. On the othei 
hand, whole years, it is stated, have passed without any being observed. 

But we must be allowed to consider the latter fact a negative one, 
resulting from the want of assiduity of observers ; for since stieh 
asti-onomers as Schwabe of Dessan, Wolf of Znrich, Carrington of Redhill, 
Dawes of Haddenham, [De La Rue of Cranford, and Stewart of Kew], 
have devoted themselves to the contimious observation of these phenomena, 
the number of days in the year when the disk of the Sun has not 
presented any spot has always been less than those on which groups haVe 
been recognised. 

We shall see, subsequently, that the number of spots follows ii 
certain periodicity, which seems to establish a most interesting coiTelation 
between Sun-spots and the phenomena of terrestrial magnetism. 
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THE SOLAH SYSTEM. 



When observed with care during several consecutive days, the spots 
are seen to vary in fomi and position. But midst all these variations, a 
cotnmon movement, a progression of the whole, by virtue of which they all 
move in the same direction, can be distinguished. From this movement has 
been deduced the rotation of the solar globe round an axis that passes 
through its centre 

Let us look again fhuugh cur telescope The re\er^ed ima£;e of the 
5 itself in auch a manner that the eastern edge — or hmb aa 




Fig, (.— Sun-spots Dliscrrad on the 9nd September, 1S3S. (Captain Davia.l 

it is called by astronomers — occupies the right, the western one the left, 
whilst the south and north regions of the Sun are, the former at the top, 
the latter at the bottom of the image, as seen in the telescope. 

Observe a spot on the .eastern edge. From one day to another we 
shall see it progress, and that ivith gradually increasing rapidity, until it 
occupies a central position on the disk. Then it will continue to advance 
towards the left, but, in this second half of its journey, its rapidity wilt 
decrease, and the spot will finally disappear on the western border. The 
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same pTienomena will take place with, all tlie spots wliicli, at tte com- 
mencement of observation, are scattereil over tke solar disk ; all will 
describe in the same directiun with a nearly equal velocity either straight 
lines or slightly curved ones (according to the period of observation), the 
convexity of the latter lying in the same direction for all tie spots 
observed at the same time. 

Let 113 suppose that the particular spot that we have noticed is of an 
oval form, its greatest length being at right angles to its motioa across 
the Sun at the moment when it appeared at the eastern border. In 
proportion as it approaches the centre the spot widens, so that it becomes 
nearly circular, then, having passed the centre, its form becomes more 
and more oval agaui, until its disappearance, its apparent size meanwhile 
in one direction not having sensibly varied. 

Fig, G shows the changes of form of which we speak during the first 
or last half of the. period of the vifcibihty of the spot. The effects are 




produced precisely as the laws of perspective demand, if we admit that the 
Sun is of a spherical form, and that the dark spot observed passes over its 
surface witli an uniform movement. 

About fourteen days is the time during which a spot remains visible, 
and this time is the same for all, although they do not all ti-averae arcs of 
precisely the same length on the Sun's surface. 

It is also fourteen days after the disappearance of a spot on the 
western border before it appears again on the eastern, often changed in 
form, it is true, but, ueverdieless, generally i-ecognisable. 

Precise measurements have proved both the general uniformity and the 
parallehsm of all these movements, although, independently of the rotation 
of the whole, the spots undergo slight displacements among themselves. 

It was asked at first if the blacli points which form the spots really 
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22 THE SOLAH SVMTEX. 

belonged fo the body of the Sun, whether they were not small bodies 
revolving like planets around the great light-giver and presenting to us 
their unilluminated faces. Bnt the variation in their apparent rapidity 
which vre have noticed, combined with tlie change of form which some oi 
them undergo in passing from one border to the other, does not allow us 
to adopt this hj'pothesis. 

It was also thought possible to explain the movement of the spots 
from the eastern to the western border, by an actual translation of them 
across the surface of the Sun, itself immovable. But if so, bow shall we 
account for this absolute uniformity in their movements ? 

Thus there are two facts of great importance placed beyond all 
question by the attentive and continued observation of these black points 
which are scattered over the surface of the Sun ; on the one band, the 
spherical foim of the body, on the other the existence of a movement of 
general rotation. Moreover, this movement takes place from right to 
left, or from west to east ; that is, as we have already seen, precisely in the 
Bame direction as the movements, both of rotation or revolution, of the 
other bodies of the solar system. 

When, three centuries ago, the discoveries of Copernicus at last 
brought to light the true system of the worid, the Sun was promoted 
from the secondary rank of satellite to the Earth to that of sovereign of 
the planetary kingdom, and it was imagined that he'was enthi-oned, 
immovabfef in the centre of his court. It was not suspected either that 
be was whirling through space accompanied by his dependants, or that he 
turned on an axis. Why, it was said, this latter movement, in a bodv 
■which itself is light and heat, and knows only an eternal day ? 

These two movements arc, nevertheless, real movements. The recent 
progress of Sidereal Astronomy has demonstrated the movement of trans- 
lation of the solar system in space, as the observation of the Sim-spots has 
proved the rotation of the Sun. 

It was in Ifill that this last and important discovery was made. 
Before that time, Jordano Bruno and Kepler had suspected the movement 
of rotation ; anticipating, as remarked by Arago, actual observation by 
their genius, while the astronomer, Jean Fabricius, discovered both the 
spots and their general displacement on the surface of the disk. 

We have said before, that about 28 days elapse between the appearance 
and disappearance of a spot on the same edge of the Sun; the time of the 
actual rotation is actually less by two days.* 

■ Letns endeavour lo undei'stsnd this important distinction. 

If we take a spot, a, on the aocompanjing diagram at the moment when, as seen 
from the Earth, it coincides witli tie centre of the Son, and disregard the irregular 
displacements to which it ■will be subjected on the snrface of that liody, an entire 
rotation -will seem to ns to be effected when the same spot returns to oocupj the 
same ijentral portion after 37 days 13 hours. But, during this time, the Earth, our 
movable observatory, will be displaced in its orbit, and will have described an 
arc, from T, its primitive position, to T', its new position. At Ibis moment. 
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We arc here content to state the time of tlie Sun's rutrttion thus 
broadly, as ve shall have to return to it by-and-hye. 

The plane of the Sun's equator is but slightly inchned (7" 15' according 
to Carrington's latest researches) to the ideal plane in which our Earth moyes 
round the Sun. Tf this inclination were nil, we should always see the spots 
moving m right lines over the disk, parallel to the solar equator. But this 
inclination causes us to be sometimes above and sometimes below the plane of 
the Stin's equator. Henc« the curved paths of the spots at some seasons, the 
convexity sometimes being towards the north, at others towards the south. 
But at the two intermediate seasons, that is, on the 6th of June and the 
8th December, the Earth is exactly in the plane of the equator,* and at 
these times we see the spots moving 
in straight lines. Fig. 8 will ren- 
der our statements clear, [but it 
must be uni^erstood that the feature 
illustrated is greatly exaggerated.] 

Sun-spots are confined in the 
main to two zones, situated on 
each side of the equator, and thev 
are sel lom bser\ ed on other part's 
of the dibl whence it seems tc 
follow that the phenomena which 
gi ae t them have a certain 
It n t the movement of rota 
t n f th solii globe If the 
lunu u face of the Sun be an 

n nd cent fluid [or be composed 
f misse f gas or cloud], it is 
n able that the rapidity of 
tat n g s rise to a centrifugal 
f ce wh h though absent at the 
pi n t ntly increases towards 
the equator, where it attains its 
maximum. Hence arise currents, 
whirlwinds, and, no doubt, breaks or rents in the Inminons surface. 

The rapidity of rotation increases of course from the poles towards 
the equator, and is much greater than would be imaginable at firet sight 

the spot has reTolved oot only bacl; to a again, but also through an atlilitioon! part 
of the arc a a', so that it has ftctually effected more than an entJi-E rotation. In 
other words, the point of the surface of the Sua, which oorrespondeii first to the 
centre of the disk, is now to the east ct the new central point n', hj the fact of the 
movementof the Earth. The apparent period of the rotation exceeds thus the real 
period by the time necefisarj to Iraverse the path a a'. A simple calcnlation. 
shows that tliia period is about two days. 

* [The ascending node of the Snn's equatorial plane is situated in lieliooentrie 
longitude 73= 40' for 1850-0 (Cairington).] 
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to judge from the slowness of its angular movement. A point situated 
on the solar equator, however, traveU with a velocity of 4560 miles an 
hour, or ahont 1^ miles a second ; that is, nearly four times and a half 
faster than a point situated on the terrestrial equator. 

Now that the spots of the Sun have revealed to us its movement of 
rotation, and the direction, manner, and duration of that movement, let us 
study in detail these interesting phenomena, and see what knowledge we 
can gather of the physical constitution of this giant of our planetary 

Turn to Plate II, which represents a series of Sun-spota, It will he 
seen that the spots consist almost invariably of one or several dark portions 
called umhr<e, which seem hlack when compared with the luminous parts 
of the disk. 




Around these, a grey tint furrowed with dart striai forms what ia 
named, improperly, the ^Kwumhra. The majority of spots ore composed 
of one or several vmbrce, enclosed in Cne penumbra. But sametimes spots 
appear without the greyish envelope, as also occasionally penumbrje 
unprovided with nmhrce. 

The forms of the spots, as shown by the drawings placed before the 
reader, are most varied. The penumbra most frequently reproduces the 
principal contours of the umbra, and often presents a great variety of 
shades, when examined with considerable magnifying powers. On the 
exterior edges of the penumbra, the grey tint seems generally the d 
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either by the effect of contrast with the lii-illiaiit portions tiint surround it, 
or because in reality it poEsesses at these points a more decided tint. 

Fig. 9 affords a btriking evample of this aspect of the penumbra 

This spot presents the pecnhaiit^ not at all unfreqQeut that the dark 
nmbra is divided mto several fragments by luminous bridge? sfanninj, 
it, as it were, from one aide of the penumbia to the other 

The umbra itself is far from tfienng an uniform blatk tuit In 
reality it alwaja piesents the appearjnLe ot varied '.hades is it the 
penumbra and umbra were mingled and mixed up their tmts in \aried 
proportions. 

[VTe owe to the 1 e\ \\ R Danes the dia.o\ery that the am^ia is 
bat a darker kmd ot penumbra tot under the best conditions of air and 




nstmmeut, he. has found within some umbriB a much darker portifin — 
which he calls the nucleus. This he finds to be of the most intense black- 
nesB ; but in saying this we must warn our readers that such a word as 
applied to the Snn is comparative only. Sir J. Herschel has shown, that 
a ball of ignited quicklime, in a Drummond's oxyhydrogen lamp, which 
itself gives out an apparently near approach to sunlight, when projected 
on the Sun appears as a hlack spot. So that the Sun-spots, properly so 
called, may not be so black after all I } 

The transits of Mercury, moreover, over the Sun's disk have taught 
us that the umbra ia less dark than the unilluminated face of n planet. 

We shall now speak of the real dimensions of the spots, the successive 
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chnnges which tliey undergo, and what astronomers call their ' proper 
motion,' tliat is, their actual movement on the Sun's surface ia any 
direction. 

The dimensions of the spots are extremely variable, and they some- 
times cover enormous areas. It is not uncommon to see one with a surface 
larger than that of the Earth. SchrOtev measured one, the extent ot 
which was equivalent to sixteen times the surface embraced by a great 
circle of our Earth, or four times tte entire superficies of our globe ; its 




diameter, tncreiuic -aus nearly lour imies tne diameter of tlic l^iirtli, that 
is to say, more than 29,000 miles. Sir W. Herschel,Jn 1799, measured 
a spot consisting of two parts, the diameter of which, was not less than 
50,000 miles. Some spots observed by Captdn Davis on tlie 30th' of 
August, 1839, show what enormous proportions they sometimes attain. 
The most extensive was not less than 186,000 miles in its greatest length, 
its surface embracing about 25,000,OOQ,000. square miles. 
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SUN-SPOTS. {Sir J. Herackd.) 
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THE SDN. 29 

If the spots are deep rents in the envelope, of what enormous capacity 
mQst be those gulfs, those gigantic abysses, at the bottom of which the 
Earth would only be as a boulder in the crater of a volcano I 

Not only are Snn-spots not permanent — it ia rare that one lasts for 
many successive rotations — but their forms and dimensions differ from 
one rotation to the other ; sometimes even in the interval of a day. 

The modification undergone by groups of spots, in about the interval 
of one rotation, can be seen in figs, 11 and 12, 

These different groups, though easily recognised again, form, never- 
theless, a new ensemble, and the details of the spots are still more modified. 

These changes indicate two phenomena going on simultaneousiy, 
which observers have separately studied. On the one hand, we have 
here indicated a proper motion of the spots, more or less rapid and 
distinct from the apparent movement produced by rotation. According 




to Laugier, the proper motion of a spot observed by him was not less 
than 363 feet a second ; that is to say, tiree times greater than that of 
clouds carried along by the most violent hurricane. 

[The proper motion of the spota has recently been inquired into in the 
most complete manner by Mr, Carriugton, who has been willing to 
observe the Sun every fine day for eight and a half years, in order to 
supply his share of information for the solution of that great question, 
' What is a Sun ?' What he has discovered shows ua that there need be 
no wonder that various observers have differed so greatly in the time they 
have assigned to the Sun's rotation. As our readers already know, that 
rotation has been deduced from the time taken by the spots to cross the 
disk. Mr. Carrington now shows that all Sun-spots have a movement of 
their own, and that the rapidity of this movement varies regularly with 
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tJieir distance from the solar equator. In fact, the spots near the equator 
travel faster than those away from it, so that if we take the estimated 
motion for the Sun's equator we shall say that the Sun rotates in ahout 
25 days ; and if we take a spot situated half-way between the equator 
and the poles (in either hemisphere), we shall say that it rotates in about 
28 days. This, truly, is an important stand-point gained, hut while it 
aids our Imowledge of the photosphere —that silver sea over which the 
spots, like gondolas, so slowly gilds — it tells us that of the rotation of the 
Sun itself lying underneath this fiery envelope we are yet entirely 
ignorant, for if it be a solid mass it can only have one period of rotation, 
MTiieh is it ?] 

We now come to the other phenomenon indicated, 
form, is not less rapid than the proper movement. 



The c 



divides into several separate nuclei; 



'■ge of 
I spot 
many distinct nuclei 




leuuite mt one ^.rago quotes from ^ollaston a curious metance 
of a spot which 'teemed to break upon the surfi^e of the solar globe 
in the sinie manner as a fragment of ice thrown on the frozen surface 
of a sheet of water divides mto •^e^ eril pieres and shdes m all diiections 

[Dihgent observation, moreo-vei of the umbra ind penumbn with 
a powerful instrument reieils to us the fact that chaige is t,oing (n 
ince=saiitly m the region of the spots Sometimes after the lapse of 
tn hour manv changes m detail are noticed here a p rtion of the 
penumbi a setting sail across the umbra here a portion on the umbra 
melting Irom sight here a^ain an evident change of positicn and 
diiection in masses which retain their form] 

Are then these spats the only exceptions to the uniform brightness 
f the '^un s surface ' Thej aie not 

[Neil the edge of the solar di L and especially ihont spot* opproith 
mg the el p it is ^uite easj e\en \\ith a tmall telescope to di'tern 
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THE SV^'. 31 

certain very briglit strealis of cliversified form, quite distinct in outline, 
aad either entirely separate or coalescing in various ways into ridges and 
network. These appearances, which have heeu temied ' faouUe,' are Uie 
most brilliant parts, of the Snn. Where, near the hmh, the spots become 
invisible, uadnlated shining ridges still indicate their place — being more 
remarkable thereabont than elsewhere on the limb, though eveiywhere trace- 
able in good ohMTMUg weather. Facnfe appear of all mignitndes , and 
Professoi Phillips, whose desaiption we are quoting, has observed them 
iioni barely discernible, softly-gleammg, nairow tracts, 1000 miles long, 
to continnoii'', compbcafed, and teapy rid|,es, 40,00O miles and more 
m leaj,th, 1000 to 4000 miles broad By the fieqnent meeting uf the 
blight ndges, spaces of the Smi's surface are included of vinous magni- 
tudes and forms, somewhat corresponding to the areis and foims of the 
iiregulai spots with pemimbi* They aie ne^ei regulaily arUied, and 
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32 THE SOLAli SYSTEM, 

first disappenr, tliey give place to faeulns, which invade and cover over 
. the i-egions where the spots showed themselves : then the original spot 
appears followed by a train of facula.* 

[The Sun himself has bestowed a great boon upon observational 
Asti-onomy. Thanks prindpally to the labours of Mr. De La Eue, who 
has now brought the art and adence of Astronoraical Photography almc«t 
to perfectioa, the Sim, whether brightly shining or hid in dim eclipse, now 
tella his owe etoiy, and prints his image on a retina which never forgets, 
and withal so docilely, that each day he shines on the Kew Observatory a 
yoTinj, 1 d.y\ tal es observat o s which &urpaBs immeasurably in value 
thuse made hy the hai-dest-headed 
astionomersof hy-gonetimes, Wehave 
lentioned in a note one fact which these 
eyi pictures have taught us; there are 
othera of eqnal, possibly greater valae, 
hich i\e shall discuss by-nnd-hye. 
ho much for the more salient pheno- 
mena of the Sun's surface, which we can 
tud\ mtli our telescopes. Thereiamuch 
loie however, to he inquired into ; and 
tionomers — so far from being dis- 
na^ed it the enormous distance of our 
entnl luminary, and at the fact, that 
with our most powerful instruments 
ve i,an only watch the changes per- 
l etuall> going on its surface as we 
could do with the naked eye at a 
J tince of 180,000 miles,— are at the 
1 lesent moment engaged in a discus- 
on on the more minute appearances 
!i ealed to us under the best conditions 
of an and instrument. 

We m<vy begin by saying, that 
" ('v be" the whole surface of the Sun, except 

tlo e p rt s occnped bj the t^poti is coanely mottled; aiid, indeed, 
the mottled appeaiance lequires no very large amount of optical power to 
render it visible Ithas been often observed witii a good refractor of only 
2^ inches apertuie Examined howe'vei with a large instrument, it is 
seen that the surface w principally made up of luminous masses — descnbed 
by Sir W Herschel as corrugations and small points of unequal light — 
imperfectly separated from each other by lowa of minute dark dots, called 
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pores, tlie iuleivaU betsveen them being extremely sihhII, and occupied by a 
substance decidedly less InminoUB than, the general surface. Mr. Xasmyfli 
haa recently annoimeed his discovery that these pores are the ' polygonal 
mterstices between certain luminous objects of an exceedingly definite 
shape and general uniformity of size (at least as seen in projection, in the 
central poi-tions of the disk), which is that of the oblong leaves of a willow- 
tree.'* According to other ohservers, however, these luminous masses 
present almost every variety of irregular form: they are ' rice -grains,' 
'(" ' n-i? — - 1 . — ^=3- -■ — 1— ~ ' < Ji.: — 'n'ce as long; 



atly m 



^ 




r-emai'kahly bright mass, one somewhat resembled a blunt and ill-shaped 
arrow-head, another, very much smaller, and within 5" of it, was an 
irregular trapezlTim, with rounded comers. 

Witli regard to the general surface of the Snn, therefore, it is not so 
easy to reconcile the coDflicting opinions to which we have alluded. The 
* Eei-sdiel's 'OuUinesof Astrouomv,' p. 665. 
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oi THE SOLAE SYSTEM, 

appearances which, according to IMr, Nasmyth, arise from the interlacing 
and irregular aiTangement of Lis ' willow-Ieavcs,' Mr. Dawee, who is one 
of the most aBeiduous observers of the present day and who has closely 
-sttidied the solar surface, explains very differently. He looks upon theia 
not as individual and separate bodies of a peculiai- natuw, but as merely 
rendering visible to us different conditions as to brightness or elevation of 
the larger masses forming the mottled surface, 'just as the brightest 
portions of that surface, and the faculaj also, are different conditions of the 
general photosphere.' ' Their forms and sizes,' he says, ' are so various as 
to defy every attempt to describe them by any one appellation or com- 
parison. But the rarest of all forms is the long and narrow.' 

The word ' willow-leaf,' however, very well paints the appearauee of 
the minute details tometimes observed in the penumbrEe of spots, which 
occasionally, as seen in fig, 9, appear to be made up of elongated masses 
of unequal brightnesses, so arranged that for the most part tliey point like 
.80 many an-ows to the centre of the nucleus, giving to the penumbra a 
radiated appearance. At other times, and sometimes in the same spot, 
the jagged edge of the penumbra, projecting over the nucleus, has caused 
Mr. Dawes to liken the interior edge of the penumbra to coarse thatching 
with straw, the etlge of which has been left untrhumed. But other ap- 
pearances are assumed, depending upon the amount and Idnd of action 
going on in the spot at the time. This has recently been abundantly 
demonstrated by Father Secehi. The occasional ' willow-leaf appearance 
of the penumbra is represented in fig. 15. 

Mr. Dawes has come to the conclusion, that the ' granules ' or ' graan- 
lations ' are generally larger and brighter, on the brightest parts than on 
the darkest ones ; the difference in brightness of the individaal ' granules ' 
in each part being much the same as in the different masses themselves; 
on each of the larger masses, the individual granules are all very nearly of 
oqual brilliancy, throughout the mass to which they belong. They are 
not in general, if ever, mixed together — some much brighter, and others 
s bright, on the same mass. There are also darker or shaded portions 
1 the granules, oftea pretty thickly covered with dark dots, like 
stippling with a soft lead-pencil; these are what have been called ' pores ' 
by Sir John Herschel, and 'punctulations' by his father. Some of these 
are almost black, and are like excessively small eruptive spots.] 
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III. 

Theories of the Physical Consfitulion of the Sun— Wilson's Theorj'—Kirohhoff's 
Theory — Their Antagonism — Opinions of M. Faye and Mr. Herbert Spencer- 
Solar Cyclunes' — Probable doimnish of Clonds into a spot, and Consequent Dis- 
appearance — Speotroscopio Observations by Mr. Lockyer — Recent Discoveries 
respecting the Prominences and Chromosphere — Intensity of the Sun's Light 
and Heat. 

Geeat interest, doubtless, attaches to a Itnowledge of the relative move- 
ments of the celestial bodies, and to tte possession of the secret of the 
Buecessive changes of position of the laminous points in the etarry vault, 
■which we are enabled to contemplate. These phenomena, studied with 
admirable perseverance during twenty centuries, have at length unveiled 
to us the structure of the universe, by enabJing us to comprehend in all 
its details that of the system to which the Earth belongs. 

But the domain of Astronomy is not restricted to the study of these 
general laws, bo great in their simpKcity. It embraces also all the pheno- 
mena appertaining to each celestial body considered singly ; phenomena 
which, when taken as a whole, allow us to form the most reasonable 
conjectures as to its particular constitation. The Earth, naturally enough, 
was the first body of wbicli the physical constitution was studied and 
lifiown, and this, of course, apart from all astronomical considemtions lad 
by direct methods very different from those employed by astronomers 

The bodies nearest to us and most easy to observe, thinks to their 
apparent dimensions — the Moon and the Sun — came next m turn Then 
followed the several planets of our system ; and at length the investigators 
of science, overcoming the abysses which separate us from tlie othei sj i 
tems of the sidereal universe, have attacked with success the problems 
which deal with the physical constitution of the Stars and !Nebulfe. 

The nature of the light by which a celestial body reveals its esistence 
to us ; its intensity ; the heat which it receives or gives out ; the nature of 
the matter of which it is composed; the various phenomena which it 
reveals to us; the changes of form and of colour which these phenomena 
undergo ; the succession of day and night and of seasons deduced from its 
various movements ; the mass ; density ; and force of gravity at its sur- 
face — these are some of the principal points, the study of which belongs 
to that part of our subject called Physical Astronomy ; a part of the science 
which has from the earliest times been privileged to excite human curiosity 
to its highest degree. 

We propose, in the course of this work, to collect together all the facts 
of this kind with which observ-ers have, up to the present time, enriched 
our science, in such a manner as to amply satisfy this legitimate curiosity ; 
and we will begin with the Sun, 
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36 THE SOLAE SYSTZJI. 

"VYq have been made flcinointedwitli its diineii'-ionB mais and move 
ment of rotation nnd we have dwelt iiprn the cunoua phenomena ol 
which the surface ot itf, mmense gbhe la eteniaD^ the theatre "V^ e hiie 
now to tvy to explain these phenomena and to see in what mannei they 
can he connected with the Sun 3 constitution 

The first attempt to di thia wis male a., Img t^o a-. 1774 hv 
Alexander Wilson and his theoiv de\ l"]-""! 1 "l m hh 1 1 Tnrl 
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The first atiaospliere, ilie one nearest tlie oeiitinl nutleni ji f inied 
of nn opaque, cloudy sti'atum, reflecting light, but gmng out nune, except 
that light which it reeeivee itself. 

To thn em elope succeeds inother, either close to the fii?t oi separated 
from it bj a ceit«iiii mteival This second atmospheie la self-liimmous 
being formed of a gas in a permanently incandescent state The ontei 
aurfice of this stiitum called the photospliere, gnea nse to the viBibla 
Iimita — the well-defined edge, or linib, of the smi s disk 

■V^e have lastly, a thud atmosphere, which I'l illuminated 1j\ the 
photosphere, 11 ttansparent and surrounds all the others, and is composed 
of strata the densilv of which decreases as they increase in distance trom 
the centiftl hodj 

Let us see now how this hypothesis accounts foi the appeaiancp? 
jresented bv Sun-spots and the shaded or luminous ]ortiMs of tht, 
inir-i of tht di 1 




If we imagine that on the surface of the dailv nuclem theie are 
formed from time to time gaseous masses, incandescent b\ leaaon of then 
high temperature ; or again, if there exist on the same surface centres of 
volcanic disturbance, the eruptiona proceeding from these ciateis piercmg 
and tearing away snecessively the two inturior ntmospheiea ofthe'^un, 
would produce boles of the greater or less extent, openmjta thiougli which 
the central nucleus or the overlying umbra could be seen. These 
openings, therefore, should present generally the form of an irregular cone, 
widened at the upper part, exposing at its centre the solid and obacnre 
part of the Sun, and all around this the cloudy atmoaphere of a greyish 
tint. Hence, black spots surrounded with pennmbriB. 

But it may happen that the opening thus made in the photosphere 
will be smaller than that in the cloudy stratum. In this case the black 
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38 THE SOLAH SySTEM. 

nucleus vrQl be alone vialble, and it is ttus that a spot without penumbra 
is explained. If, on the contrary, the rupture in the first envelope closes 
ap before the photosphere, then the ohscure body will he iiiYisible, a 
circumstance which easily explains pcnumbrie without a nucleus. These 
different cases are all repreaenled in fig. 17, where the conditions necessary 
to present these appearances to an observer on the Earth are indicated. 

When a fissure is violently and suddenly produced in a gaseous mass 
like the photosphere, we must expect to see round the opening a heaping 
up of the matter of which it is formed, and consequently much greater 
luminous intensity. 

Snch would seem to he tho origin of faculte, which generally, as we 
have seen, surround the spots. 

The theory of the physical constitiition of the Sun accounts in a very 
■satisfactory manner for the details of the phenomena' observed. The 
various forms of the spots, their disappearance, their motions even, are 
easily and naturally explained. The fact often observed, that the nucleus 
diminishes little by little, and is reduced to a mere point, leaving 
the penumbra visible sometimes after its disappearance, is admirably 
explained ; it is precisely in this manner that the edges of the two atmo- 
spheres should gradually come together when th h h ga o 
their disturbance diminishes in energy and disapj 

It may also be conceived, that after the d pp an f po the 
facidse ought still to remain and even to app am b Ih n n a 
certain time must be necessary to re-establish hj.f Imgnjf 
tile gaseous strata ; and that the gaseous matte n filbn p e avi y 
formerly occupied (apparently) by the umbra o nu 1 nd h p n- 
brffi, would naturally condense, and thus becom m lum u 

Besides the ascending currents, the rapid y f h h j f I 
enough to pierce the atmospheric envelopes of the Snn, it is thought that 
there exists a continual agitation in the gaseous strata and on tho surface 
of the photosphere. This surface is not smooth, but fun'owed with 
elevations and depressions in every direction, analogous to the waves of 
the ocean. Hence the luminous ridges, and darker intervals, and multi- 
tude of pores, giving the Sun the mottled aspect before mentioned. 

The apparent changes of form, which result from the rotation of the 
Sun, now remain to be explained. In fig. 6 are represented the appearances 
presented by a spot as it travels from the edge to the centre of the disl;, or 
vice versa. The elongated form of a spot at the edges, compared to its 
rounded form at the centre, is an effect of perspective, and results from the 
spherical form of the Sun. But this is not all. If the spot and its 
penumbra arc formed by a conical opening, the sloping sides of which 
reveal to us the thicltness of the envelopes,* the portion of the penumbra 
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tiuned to^^^]<ls tlir m tib will di^tniw fiiot, while tlie peiiumljia on tliH 
side neiiest the hmb will tpjiiientlj iinTL^^e The snme appearance will 
te piodtiLecT at the moment of the apjieaiance of a spot on the eastern 
limh This is due to a simple effect of perepective, iTliich fig. 1 7 will 
show at once 

The preceding theoiy la entiiely founded upon the hypothesis that 
the laght of the bun does not belong tu the nuclens, but that it is radiated 
hy a gas m a fctate of incandescence * 

The physical constitution of the Sun is much move simple, if we accept 
the reasoning of these who adopt a second theoiy which is less at variance 
■with the ideas held by those unfamiliai' wdth Astronomy on the suhject of 
our great luminarj'. But, perhaps (at least such ie our way of viewing it),, 
it scarcely renders a more satisfactory explanation than the other of all th& 
observed phenomena, and it leaves without explanation many circum- 
stances of these phenomena. According to it, the Sim is formed of 
an incandescent nucleus, the direct source of the light and heat wliich it 
emits ; whether it lie a sohd or liquid nucleus matters not. The nucleus, 
is BuiTounded with a very dense atmosphere, formed of the constituent 
elements of the body, — elements which the intensity of the temperature 
maintains in a gaseous state. 

If partial coolings talio place at different points of the atmosphere by 
the action of unknown causes, what happens ? There will be formed at 
these points precipitations analogous to the clouds of aqueous vapour in 
tlijB terrestrial atmosphere. Very dense agglomerations of vaponrs in the 
vesicular state, dark elonda intercepting the luminous rays of the body of 
the Sun, will appeal' to us as spots on its disk. 

A doud, once foi-med, becomes a screen to the tipper regions, hence a 
cooling down of these regions, and the formation of a lighter cloud-soreen,, 
less opaque, and which as seen from the Earth will present the apjiearance 
of the pennmbrM which surround tlie spots. 

it to be iipnarJs of 4000 miles. [Professor I'hiUips has found a mucli smaller 
height — 300 juil^s— to be a probnlile iimit. laj'e, however, adopts n Tnhie not 
differing greatly from Petit's.] 

* That the Sun is not n, solid boilj-,nt least that its visible surface is not solid, we 
inuKt ai^t, in eonseqnenoe of the estreme mobility displayed, hy the phenomena of 
that Burfnce. But it is not so evident that it i? not an incandescent liq.iu(l oi' Ijody 
in a stale affusion. This fact has heen held to be established by an experiment 
of Arago's. The optical properties of the luminous rojB radiated by an ignited gas. 
are -very different from those of rays tlia source of which is a liquid or solid mass, at 
least if these rays leave the surface of lis incandescent hody at a very smnll angle 
from the limb at e, sphere. Whilst the latter rays,' eiamined hy me?ns of a rery 
ingenious inatrumBnc, called a ' pqlflriscope,' byits able inventor, are decomposed 
into two oolonred pencils, the others, in passing throngh the sama artiHoial medium,, 
remain in their natural state. Now it is precisely the intter piierojnenon ivhich is 
presented bj the light emonaling from the borders of the Sun. Henee Arngo con- 
cluded that the luminous surface of the solar globe consists of gas iJi a sinte of 
ignition. Eut this does not preclude tliat the interior nucleus Jnay be liquid, that 
is to say, cconposeii of mineral snljstances hi a state of fusion. 
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40 THI^ SOLAR SYSTF.if, 

\cLDidiiig to this Ii\ liotlieBii tlie appiicut clnnge« x\lucli the spots 
iindei^o m moMn^ fiom the Jjdder to the ceutie or ife ueisi aia 
e\plaineii also bv an effect ol perspective -v^hich fig 17 will con\ey to 

Seen m giound plan, on tlip centre if the '^un the spot will seem 
to occtipj the middJe ol the lennmbia but m tia%elling tr \a1d3 the 
bonlei part of the upper eloud Pitiiated towaids the centre will he pio 
jected on the dark nudeus and \^ill be confounded i^ith it whilst the 
portion of the same cloud toiiirds the limb wiU apparently increase bj 
e\j osiag to new the thicLne a ot the light cloud) luass which OTeihea the 
dill I one * 

Thi« theory has been pnt foi-nirdineuppoit of s^mc iccont diwjM.ii 
of great importance to ■which ■we must now call attenti n 




n of Suu eputs on E rclilioff a 1 



F\en one la icquiinted with the glorious coloured band cilltl the 
epeLtium which la pioduced b^ the decomposition ot ^hite light ly 
means of a pnem F\ ery one How s too that befiidea the seven pnmary 
colonrs there is m the spedrnin ot Hinhght a multitude of dailt Imea 
which completely dwile the ci.lcuied bands in the direction of it" breidth 
Bv compaimg these dai! lines with the bnlliant lines of the different 
apectia ot the light given out b\ the flames of difieient metnlhc sub 
stances philosophera haie arrived at the knowledge that the hcht 

• It has been said that the se onrl theory leaies some inipoitsnt fact' w thout 
explanation It accounta neither for the exiitenm of facnlre noi from the ^laiiil 
Ibhoqi One dtei not see alao why "iiiots s\ ould not lie found neoi the poles or 
why, when a spot disappears, the penumhra still subsists after the disappearance of 
tlie nnelaus. It does not eapliin the difference which exists hetween the npots 
withont penumbriB and the pennmbne deprived of nmbrffi. Besides, a general fact 
of observation, which seems inexplicable if che spata are olonds in suspension in the 
Bolar atmosphere, is, that the spots always disappear a little before they reach the 
limb, when, atcuriliosto this hypothesis, tbey should hi\aiialjlj notch it. 
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emitted by tlie lumiaoiis nucleus of tlie i^nn must traverse, liefore it 
reaches us, an atmosphere charged wifh certaia metalhc vapours. The 
nature of these vapours even ha" been determined with precision; ond 
' spectrum finalj'sis,' — the name devoted to this new and already fertile 
brauch of science, — teaches iis that the solar atmo'^pliere contains, in the 
metalhc state, vapours of sodium, iron, nickel, copper, zinc, and barium. 
The presence of cobalt is doubtful. The presence of gold, silver, mercury, 
lead, tin, or silicium, so abundant in the terrestrial crust, or of arsenic, 
antimony, strontium, cadmium, or lithium, has not yet been proved. As 
the six metals of the first series exist in the Sun's atmosphere, they must 
also exist in the very body of the Sim. 

Hei-e ive have, then, a wonderful instance of a celestial body, 
separated from us by an enormons distance, the constituents of which 
are studied in tlielr most minute detail, — analysed, if one may so say, 
with the same certainty aa if they were put into one of the crucibles of our 
chemical laboratories. We shall have mors to say about spectrum 
analysis when we try to answer the question, ' What is a star ?'* 

[But, in the meantime, we recall the fact, that these theories are an- 
tagonistic in the main. One declares for a cool nucleus, the other for an 
incandescent one ; one for a ga=eous photosphere, the other for a liquid 
one; and the experiments made by the polariscope are apparently 
negatived by those made by the spectroscope. Again, although Wilson's 
theory accounts for the telescopic appearance of spots, it does so on an 
altogether improbable assumption; and allhoush EircbhofTs theory is 
more in harmony witli our present Imowledge, he supports it by a state- 
ment as to the Spots which is justly rejected by all who have ever 
observed the Sun through a telescope. But are they entirely antagonistic? 
Here M. Faye and Mr. Herbert Spencer come to our rescue ; and, in 
spite of some differences of detail, propound an explanation of the 
observed phenomena, which is certainly worthy of careful consideration, 
while, very opportunely, the Sun-pictures talten at Kew have put in a 
mass of new evidence to help us in our inquiries. 

The first important jwiiit in Ibis new evidence is, that the Sun him- 
self tells us that his spots are cavities ; this supports the notion always 
held by astronomers and strengthened by the beautiful stereoscopic 
combinations suggested by De La Rue ; it also equally upsets an im 
portant statement made by Kirchhoff. Astronomers do btlesi wo Id 
have sooner asserted the small mean density of the Sun an 1 its en rmo s 
heat in support of the evidence of their telescopes, it thej 1 ad not so long 
held to the theory of the cool and habitable globe unlemeath bo that 

■ According to the renent eiporimeotB of Jlifcheilich tl e p re metals not 
their eliemical combinations, vhich cxi^t in tlje salaratmo^pliere. The bodies which 
support combustion, sueh as oxygen and olilorine, ilo not eiist in it, or if they do, 
they are miied ivitli comlm^lilile bodies in a state of diesociatJon, of irhich we have 
eiamples when these bodies are raised to a very hi^h temperature. 
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42 THE soiAE s\STEir. 

Arago'a deduction from liis eiperiment? on the jiol.irisation uf tlie Sun's 
light — a deduction which supported the theoiy of the gaseous nature of 
the photosphere from a nev, point of view — was doubly welcome. 

M. Faye has removed the grounds for Sir Joha Herachel'u objection 
to this esperiment, and has shown, moreover, that it can be reconciled 
with KirchhofTa spectroscopic one. He con&iders the foimation of a 
photosphere to be a simple consequence of cooling, and loots iipon it, in 
fact, as the limit which sep.irates the intense heat of the interior portions 
of the Sun from the vacuum and cold of space. 

From this point of \ien, the beautiful expeiiments of Arago and 
Kirchhoff are seen to be no longpr contradictory. The term incandescent 




gas was not used by Arago in the sense attributed to it now. The flame 
he iised was that of an ordinary gas-jet, and not the obscure one of a 
Bunsen's burner, or of a siniple gas. Incandescent molecules diffused ia a 
gaseous medium, itself heated to a high temperature, give a continuous 
spectrum, with the exception of the dark lines due to the absorptioii of 
the medium.* 

The formation of (he photosphere enables us to account for the spots 
and their movements. The successive layers are constantly traversed by 
vertical currents, both ascending and descending. In this perpetual 
agitation we can readily imagine that where the ascending current becomes 

[• The researches of Fmnklnnd, however, llirow doubt on this conclusion. He 
bas been nble to show that increase of atmospheric pressure alone suffices to cause 
rm increase in the brillianej' of a flame. A candle burning ot the summit of tt Jafty 
mountain, for insliince, is much less Inminous than one burning near the sea-level; 
;et tbe difference is not due to any difference in the rate of combustion. Tliis is 
proved by the fact that a candle loses in a given time the same amount of weight 
whatever the level at ivhieh it burns. — R.A.P.] 
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m re iiitei -le the lumnui's matfei rf the photi'jhere is mfmentiiih 
di» ipatel Thiough this land of im\eihng it is not tnc ■soUi cold ind 
bhel nucleus .f the Saa that we pertene but the mtenial Pmhieiit 
gaseous mis' of \;hicli the raliating power at the temperature of the 
most vivid incandescenee is so feeble, m ccmpanson ty that of the 
bminous clouds of the Eon-gaseous paiticle? that the difference of the'ie 
powers sufBoes fc explain the stnling contiast between the twj tmes 
observed in oui telescopes ] 

[Kirchhnff maj be said, hoi^eier, ti have cverthiTOn M Fajes 
theory, by showing that it is not in accordance ivith the well-fenowa law 
called ' the theory of exchanges,' according to which the radiating and 
absorbing powers of the same body are strictly complementary. ' M. 
Faye iraagines,' he reasons, ' that' the nucleus of the Sun is even hotter 
than the photosphere, and yet dark. He conceives this nucleus to be 
gaseous, and because gases have but slight radiating power, he imagiues 
that these two properties can both appertain to the solar nucleus. But 
from the proportion which holds between the radiating and absorbhig 
powers of bodies, it follows inevitably that, even if the light emitted by 
the nucleus were altogether imperceptible by the eye, the nucleus, what- 
ever its nature, would be transparent ; so that n e should see through the 
opening in that half of the photosphere turned towards us the inner 
side of the otiier half {viewing it through the whole of the solar nucleus), 
and we should recognise no sign whatever of the existence of an opening.' 

Even more decisive is the evidence supplied by the spectroscope. For 
the spectrum of the umbra of a spot should, according to M, Faye's 
theory, exhibit bright lines, superposed, perhaps, on a faint continuous 
spectrum ; but, instead of this, the spectrum of the umbra has been shown, 
both by Mr. Loekyer and by Dr. Huggins, to differ chiefly from the 
spectrum of the photosphere in the increased strength of certain dark 
lines. From this observation (which has been confirmed by Father 
Seechi and others) it follows conclusively that the spots are regions of 
increased absorption. This accords with Herbert Spencer's theory, with 
which, also (as already remarked) the observations of Mr. Do La Rue and 
Dr. Balfour Stewart are in satisfactory agreement, — R.A.P.] 

[Let us now pass to the theory of Mr. Herbert Spencer. 

M. Faye, as we have seen, considers the Sun to be at present a gaseous 
spheroid, having an envelqie of metallic mattei-s precipitated in the-sbape 
of luminous cloud, the local dispersions of which, caused by currents from 
within, appear to us as spots. Mr. Spencer, on the contrary, holds that a 
liquid film exists beneath the visible photosphere. 

Mr. Spencer's Remarks aa to possible causes of solar spots are very 
valuable; fqr,, whatever theory of their formation be the true one, it is 
certain that the rapid formation of the spots, their movements, and their 
disappearances, indicate meteorelogical phenomena on the most gigantic 
.scale of which the imagination can scarcely form an idea 
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4-t THE SOLAR SYSTEM. 

cyclones pass over the surface of the Sun with fearful rapidity, as is rendered 
evident hy the form and changes of certain spots, as ohserved by Secchi 
and otliers. In one instance, recorded by Mr. Dawes, the rotation of a 
spot amounted to 110° in six days. 

Here also (fia:. 20), in a series of sketches representing a spot as 
observec) hy Mr, Dawes, is ahunilant proof of the rapidity of these move- 




\3s>> 
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ments. The form here indicates clearly the cyclones of which we are about 
to speak : although in a maimer less precise than in fi^. III. It should, 
however, he added, that these cyclonic spots are somewhat rare. 

The spot figured at page, 43, also afforded remarkable evidences of 
rapid change, which seems to put the cloudy nature of the Sun's photo- 
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THE srs. 45 

spTiere beyond nil Lloubt * It was a spot of the norma]^ eliai-ncter, hy jio 
nieana cj'cloaio, but with a tongue of what appeared to be a portion of 
facula, stretching half way into the spot. "When tlie ohservntioa com- 
menced, about half-past eleven on the date given, the toBgue of facula was 
extremely brilliant ; by one o'clock, it had become apparently less brilliant 
than any portion of the penumbra. At the same time it seemed to be 
' giving out,' at its end, and a, portion of the umbra between it and the 
penumbra appeared to be veiled with a stratus cloud evolved out of it. 
After a time, condensation seemed going on on the following portion of the 
cloudy mass. So that a very brilliant mass of what appeared to be faoulffi 
gr.idually melted away into umbra, and then the umbra condensed again ; 
thi-ee or four cloud-masses on the inner edge of the penumbra were observed 
to detach themselves from it at different 
points, and to traverse the umbra towards 
the centre of the spot. 

It has long been taken for granted that 
there are upward and downward currents on 
the Sun. And tliis down-msh into a spot 
seems proved, for the first time, so far as we 
know, by the observations to which we ara 
alluding. The fact, also, that this domi-i-ush 

was accompanied by iirst a dimming and ""'"^'^^'^utoue'acp"''™' 
then a melting of the doud-massea carried isoo, Apiia, is'^o-, (Lookyer.) 
down, was also thought to he established. f 

The cloud-masses, in one region of the penumbra, were also seen to 
change the direction of tlieir longer axes in about tliree -quarters of an hour 
with regard to the centre of the spot, in fact they turned round bodily 
through a considerable angle. Others, projected on the umbra, gradually 
meited away out of sight. One cloud-mass was distinctly obsei-ved to set 
sail, as it were, over the umbra, and it had travelled a considerable distance 
when the observations were terminated. 

It would seem from these obseryations, that there ia a running do'vvn 
of the shape, as if the cloud-masa seen on the general surface of the Sun 
were gradually drawn out in its journeying towaitla the umbra. 

Mr. Spencer, basing his reasonuig on terrestrial analogies, tlius accormts 
for the spots. The central region of a cyclone must be a region of rare- 
faction, and consequently a region of refrigeration. lu an atmosphere of 
metallic gases ming from a molten surface, and reaching a limit at which 
condensation takes place, the molecular state, especially towards its upper 

* ' MontMy Notices, Eoyal Astroflomjcal Society,' 1805, p. 230. 

f [While tbis book is passing through the press, Messrs. De La Eue. Stewart, 
imd. Loeny, aiepnWishing a paper in whieh a new theory of Sun-spotiis disousseil, 
whicli is oonfli'med by tile obove obaei-vation made liy Mr. Lockyer. It seams at the 
Kume time in aoooi'dance with other facts. In this paper nil differences of lumiaosity 
on the snrfaoe of tlie Sun are refei'red fo Ibu same cause, namely, the presence to a 
greater or less extent of a eoniparatively cold absorbhig atmosphere. — B. ?.] 
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pa i n tie cl that a n ode ate limiiiit n ol dens t\ aud f 11 jf 
temjerat e 11 c ut-e free p t'it ou that s t say the rarefied inter oi of 
a sular c> 1 e will be filled with do i i condenantion instea I of taking 
place onlv at the le\el of the ph tosphere will here extend to a gteat 
depth below tt It vill ho seen that Mi Spen er is opposed t K rchhoff, 
not only accounts for the format oa of a cl ud but pUces it wheie the 
objections made to Kirchhoff s clou la do not told good He next shows 
fiat a cloud thus occupying the i ter or of a cyclone will ha^e a rotatory 
motion; and this accords with obaer\ation Being funnel shaped as 
analogy warrants us in assuming its central parts will he mnth deeppr 
than its peripheral parts, and therefore more opaque This too corre- 
^onda with observation. !N r are we on this h\j thes s withoit s me 
interpretation of the penumbra!. If we may Buppose the so-called ' wOlow- 
leaVes' — the ' things' on the Sun, — to be the tops of the currents ascending 
from the Sun's body, what changes of appearance are they likely to 
undergo in the neighbourhood of a cyclone ? For some distance round a 
cyclone there will be a drawing-in of the superficial gases towards the 
vortex. All the luminous spaces of more transparent clouds, forming the 
adjacent photosphere, will be changed in shape by these centripetal 
currents ; they will be greatly elongated ; and those peculiar aspects which 
the penumbra presents will so be produced. 

We must now, however, pass from this part of our subject — interesting 
as it is, — and we can do so full of hope, for never before was it engaging 
the attention of so many minds.] 

In examining with care the contour of the solar disk when the Mocn 
interposes between it and the Earth, as in the case of a total eclipse, there 
have been observed in the luminous aureola which enveloi>es the lunar 
disk several very curious prominences — some in form of monutains. others 
of boomerangs, others resembling columns, the upper part of which ap- 
peared out of the perpendicular; others, agfun, entirely detaphed from the 
disk, seem to float like immense clouds in the atmosphere of the Sun. 

The total eclipse of the 18th of July, 1860, furnished most valuable 
information relating to these strange phenomena, and the magnificent 
photographs taken by Mr, Warren De La Eue on that occasion showed 
clearly the aspect of the reddish prominences we have just described. 
Astronomers hesitated long between opposite explanations, some only 
seeing in these appearances effects produced by the interposition of the 
Moon, others believing in the objective reality of these phenomena, and 
looking upon them as agglomerations of matter resting on the Suu, or 
suspended in the external atmosphere which surrounds it at a certain 
distance. In lB6(J, all doubts as to their belonging to the Sun were 
removed, but astronomers were not much nearer to an explanation of them. 
Slime looked upon them as clouds, ^lthers as solar aurora}. The fact that 
they had been seen nil round the limb of the Moon, that they were found 
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to exist in all regions neiii' the poles ia the same manner as at the equator, 
seemed to negative all idea of their being in any way connected witli the 
spots or with the causes which give lise to them, although at first the 
opinion was entertained by some that they were in some manner correlated. 

[But, during and since the great eelipae of August 1868, much Hght 
has been thrown npon the subject of these strange objects. 

Until the epoch of this eclipse the light of the prominences had not 
been submitted to spectroscopic analybis ; and much was anticipated from 
the use of that powerful mode of research in 1868. Few, however, could 
have anticipated how important a seiies of discoveries would be initiatedby 
the observations made in this way. 

Major Tennant, Lieutenant Herschel, M. Janssen, and M. Eayet, 
observing the eclipses at different stations, all succeeded ia determining the 
nature of the spectrum belonging to the prominences. This spectrum 
consists of bright lines, indicating that the prominences are formed of 
glowing gas. Major Tennant counted five lines, which his measurements 
led him to associate with the bright lines bebnging to hydrogen and 
sodium. Lieutenant Herschel saw three lines, — red, orange, and blue. 
Janssen saw five or six lines, two of which {red and blue) he aasociated 
with the bright lines of hydrogen. M. Eayet saw nine lines, five of 
which appeared much more conspicuous than the others. 

But the most important ^eB^llt of the eclipse -observations remains to be 
noticed. 

M. Janssen, oven while his observations were in progress, felt convinced 
that he should be able to see the bright lines when the Sun ia not eclipsed ; 
and on the following day he succeeded in doing this. He could thus 
determine where there were prominences, and even the shape of such promi- 
nences, as satisfactorily as though the Sun were edipsed, ' I have enjoyed 
to-day,' he said, ' a continuous echpae.' 

But before the news of his success reached Europe, the same method 
had been applied by Mr. Lockyer. After the discovery by Mr. Hu^ns 
that the temporaiy (or rather variable) star which shone out in the con- 
stellation Corona in May 1S68, had a spectrum iu which bright fines were 
conspicuous, the idea occurred to spectroscot)ists that, if bright lines 
could be discerned in the spectrum of a star, they might be visible also in 
the solar spectrum. More particularly it was thought that, if the prominences 
consist of glowing gas, the bright fines corresponding to the gaseous con- 
stituents of the prominences might be visible, even though the prominences 
themselves cannot be seen. Mr. Lochyer, who had expressed this opinion 
two years before the eclipse of 1868, had failed to recognise the bright lines 
of the prominences, owing to the inadeqiiate dispersive power of his 
spectroscope. For a like reason Mr: Huggins had not succeeded ; while 
Father Seechi was deterred, he tells us, from pursuing siroilar researches by 
the announcement of Mr. Lockyer's want of success. It wiU be readUy 
understood why great dispersive power is required. The light of the 
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prominencea is far feeLIer than tliat of the illuminated terrestrial atmo- 
ephere near the solar limb ; so that any plan for merely redndEg the light 
of that atmosphere obliterates the prominences altogether. But the spec- 
troscope acts differently. It spreads the light of the atmosphere into ti 
rainbow -tin ted streak, while it resolves the light of the prominences into a 
few coloured lines. When we increase its dispersive power, the rainbow 
tinted streak is lengthened and made proportionately fainter, whereas the 
coloured lines are thrown further apart without being diminished iu bright- 
ness. It is only necessary to increase the dispersion up to a certain point 
in order that the coloured lines belonging to the prominences may be 
visible on the background formed by the rainbow-tinted streak. 

.Mr. Lockyer therefore applied for, and ebtained a grant of money from 
tlie Eoyal Society for the construction of a spectroscope of suitable 
dispersive power. The death of Mr. Cooke, to whom the construction of 
this instrument was in the first place intrusted, caused some delay ; and 
when eventually Mr. Browning had deigned and completed a spectroscope 
of the requisite power, the news had dready reached Europe that tbe 
spectrum .of the prominences consists of certdn bright lines. We need not 
doubt, however, that in the long-run, even without this information, Mr. 
Lockyer would have succeeded in recognising the lines, since the optical 
difficulties had been so perfectly mastered by Mr. Browning that the 
prominence lines can be seen (so Mr. Lockyer assures us) even by tlie 
least practised observer. Be this as it may, Mr, Lockyer had seen the 
lines and announced their exact position, before the news had reached 
Europe that M. Janssen had solved two months earlier the same problem, 

iVIr. Lockyer was also able to confinn by the new method the discovery 
which Leverrier and Secchi had made in I860,* that the solar photosphere 
is covered by a layer of gaseous matter, of whick the prominences are but 
the most elevated portions. For all ronnd the Sun's limb he could re- 
cognise the existence of bright lines similar to those belonging to the pro- 
minences. He assigned to this layer the title — in some respects not alto- 
gether satisfactory — of the chromospJiere. He has found (as have other 
observers) that at times the spectrum of the chromosphere shows many 
more bright lines than that of the prominences, or, at least, of their more 
elevated portions. 

The new method has also enabled observers to decide the question of 
the position of the bright lines; for as these are brought into juxta- 
position vrith the dark lines of the solar spectram, it is easy to see whether 
they coineide or not. In this way the lines which had been assumed to 
indicate the presence of glowing hydrogen in the prominences, have been 
found nearly to correspond to the hydrogen lines in the solar spectrum. 
But the bright line supposed to indicate the presence of sodium has been 
found not to accord with the sodium line in the solar epcetrum. 

Even these results, however, were surpassed in interest and importance 

■ Befoi-e this Grant andSivann h.id suspected theeiistcnee ofsuclia lajer. 
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liy one wLich n b d ibed. By tlio new method, the 

place and shajw h p inu d be determined, iniJeed, but the 

pTOminencea CO 1 n b n een. It was much as though one 

were to determ ne he p ai n d ap of a distant mountain by looking 
in difierent di ec n h g slit in an opaque screen, which 

permitted onlj ng o m un ain to be visible at each instant. 

It occurred to M Hu h th t of the Bpeetroseope were opened, 

eo that instead h gh d nes, bright -coloured images of the 

prominences ■« n d h se m gh be visible notwithstanding the 

resulting incre n h b h n the rainbow -tinted baclrground. 

He found that ^ h h d p rs p er at his command this did not 
happen, but by using a deej. colouieil ruby glasa, which absorbed nearly 
all the light but that coming from the part of the spectrum near the red 
hydrogen line, be was able to see the red image of a prominence. 

Afterwards, Mr. Locliyer, availing himself of the greater dispersive 
power at hia command, succeeded in seeing the prominences without using 
any absorbing medium. Dr. ZOllner, of Germany, has also observed the 
prominences in this way. But the Italian astronomer. Eespighi, has been, 
perhaps, the most successful of all who have applied Mr. Huggins' method. 
For he has been able to make drawings showing the varying aspect of 
the whole of the Sun's limb from day to day. We quote some of the 
moat imjiortant results of hia researches i — 

In the circiimpolar solar regions, great prominences are not formed, 
but only small and short-lived jets. In the spot-zone the great promi- 
nences are seen, the equatorial, like the polar zones, being regions of 
relatively small acti'vity. Where faculre are pi'eaent, prominences aro 
usually seen, but they are not identical with faeulee. Over spots the jets 
are seeu, but they ai-e not high. . There is a great difference in the dura- 
tion of prominences. Some develope and disappear in a few minutes; 
others remain visible for several days. They originate, generally, in 
rectilinear jets, either vertical or oblique, very bright and well defined. 
These ris3 to a great height, — often to a height of at least 80,000 miles, 
and, in one instance observed by Itespighi, to twice that height,— then, 
landing back, fall again upon the Snn like the jets o£ our fountains. 
Then they spread into figures resanibling gigantic trees, more or less rich 
in branches. In general, the highest parts are the regions of the most 
remarkable transformations. 

Respighi and ZOllner agree in thinking that the well-defined bases of 
these jets prove them to be due to eruptions taking place, not through gas, 
but through a compact substance forming a sort of crust (Ziillner's 
' Trenniingeehichf). Respighi considers that the expelling force may ba 
due to electric action, but ZoUner is disposed to regard it as due rather to 
the compression of the imprisoned gas ; and he applies this theory to form 
an estimate of the temperature and pressure of the Sun's surface-layere. 

Mr, Lockyer has been able to show that the substance of prominences 
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is often agitated by cyclonic motions of a surprising nature, the velocity of 
tliese solar wind-storms, amounting Boraetimes to as much as 120 miles 
per second. 

The researches of Plucker, Wiillner, Frnnldand, and others, into the 
natiire of the hydrogen spectrum under various conditions of pressure and 
tempratiire, serve, when comhiued with the observations of Loehyer, 
■Wiillner, and others, on the nature of tiie lines in the spectrum of the 
prominences, to show that the pressure near the hase of eolar atmo- 
sphere is not nearly so great as the pressui-e of our own atmosphere near 
the sea-level. This would seem to dispose of the theory that the corona 
seen during total eclipses is an atmosphere of the Sun ; for in that case 
the pressure at the Sun's snrface couid scarcely fail to he enormously 
greater than it is observed to he. Mr. Lockyer therefore considei-s that 
the corona is uot a solar appendage at all, but due to the passage ' of the 
Sun's rays through our own atmosphere near the Moon's place,' some 
action on tlie rays as they pass near the Moon cansiog them to be deflected 
into the region of the terrestrial atmosphere which is illuminated (according 
to this hypothesis) during total solar eohpses. The present writer has 
pointed out objections to this view, founded on optical and mathematical 
considerations ; and while admitting the evidence against the theory, that 
the corona is a sohir atmosphere, he expresses his belief that it is heyond all 
question a solar appendage. Further observations are required, however, 
to show what sort of solar appendage the corona may he, the spectroscopic 
observations hitherto made having been somewhat contradictoiy. If the 
American observations of Anguat 7, 1809, are to be accepted, the coronal 
spectrum resembles that of the terrestrial aurora and the zodiacal light. 
But whether this, if confirmed, would imply that the three phenomena 
are closely related, and (still more) whether, as the present writer believes, 
meteoric astronomy is to be looked to for the solution of the problem, 
Eeinajns yet to be demonstrated. — R. A. P.] 

Let us return, in order to finisli what we have to say of the constitution 
of the Sun, to the pui-ely physical facts which Astronomy has set forth. 

One word now on the intensity of Snn-Ught. This intensity is not 
the same in all parts of the disk. The edges are less luminons than the 
centre, and Arago valued at one-fortieth the difference of their intensity, 
which is much more considerable according to other astronomers, Faye 
among the number. 

[This fact, fully established for Uie luminous rays given out by the 
Sim, applies also to the chemical ones ; but with this difference, that where- 
as the light, broadly speaking, diminishes regularly and veiy gradually, 
from centre to hor(kr, the chemical brightne^ is much more ' patchy,' so 
to speak. Professor Roscoe, by receiving the image of the Sun on a 
properly prepared photographic plate, has observed remarkable differences 
of this kind ; and, with Mr. De La Eue, is inclined to attribute to tliem 
some connexion with the phenomena of the red prominences to which wo 
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have before drawn attention. Tie latter distinguished physicist is not 
without hope of obtaining photographic pictures of them without the inter- 
vention of a total eclipse. He imagines that an extension of his heautifiil 
experiment — in which he combines Sun-pietiirea stereoscopically, and 
shows the faenlie to be above, and the spots below, the general sm-faoe, — 
will enable him to show the red flames as very delicate dark markings on 
the more brilliant mottled baoltgi'ound of the photosphere. These deline- 
ations, except with the aid of the stereoscope, would be confounded with 
the other markings of the Sun's surface ; but they would assnme their true 
aspect and stand out from the i-est as soon as two suitable pliotographic 
pictures ivere viewed by the aid of that insti-ament.] 

The gradual diminution of both the Sun's luminous and chemical 
brightness towards the limb indicates without donbt the existence of an 
atmosphere enveloping the body to a great distance.* And it is in 
this envelope, as we have said, that the red clouds observed ia total 
eclipses float. 

According to Sir W. Herschel, the general brightness of the disk 
being represented by 1000, that of the penumbra is not more than 4C9,. 
and that of the darkest portion of the nucleus as low as 7. 

Considered in each of these points of view, the solar light as it nrrivea. 
on the surface of fie Earth, is, according to Arago, at least 15,000 times 
more intense than the flame of a wax -candle. ' According to the energy 
of the battery employed,' he adds ('Astronomic Popnlaire,' ii. p. 172), 'it 
is foimd that the electric light varies in intensity from a fiftieth part to a 
quarter of that of the Snn.' So much for the comparative iujensitv of' 
Sun-light. 

Compared with the brightness of the full Moon, the light of the Snu^ 
according to Wollaston, is 800,000 times brighter than that of the iimar 
disk ; in other words, 800,000 full Moons would be required in the heavens to 
produce a day as brilliant as that illuminated by a cloudless Sun. 

Aa to the origin of this light, some, as we have seen, attribute it to the 
incandescence of a gaseous mass, others to that of a solid or liquid nucleus. 
Other iavanU again, among whom we must class Sir J. Herschel, regard 
the solar light as having an electro -magnetic origin, rather than arising 
from the combustion of solid, liquid, or gaseous matter ; it is, according to- 
them, a perpetual anix)ra. 

From the intensity of the light, let us pass to the intensity of solar 
heat. "Without any doubt, this heat must be enormous on the surface of 
the Sun ; and, if we base our estimation on the law of decrease of radiant 
heat, the conclusion is arrived at that its intensity is about 300,000 times 
greater than that of the heat received on a given point on the surface of 
tlie Earth. The quantity of heat, incessantly radiated into space by the 

• [Kot necessarily to a great ilistanee. Tndesd U i$ easily seen that the grpntpp- 
the otseiTed diminution, tbe sliailoiver the almosplieiic envelope iiiust be, nnil llie- 
greater its absorbing power.— E. A. 1',] 
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imnieiiBe focus of our system, lias nlso 'been calculiitod. The following 
L'omparisoa mnde by Sir J. Herscliel will give an idea of its calorific 
activity. Let us imagine a cylindrical pillar uf ice, 43 miles in diameter, 
to he continually darted into the Sun, and that the water produced by its 
fusion is continually carried off. In order that the heat given off con- 
stantly by radiation should be wholly expended on its liquefaction, it 
would be necessary to plunge the cylinder of ice into the Son with the 
velodty of light, or, in other words, the heat of the Sun can, without 
diminishing its intensity, melt in a second of time a pillar of ice 1590 
square miles at its base, and 194,fi2C miles in height. 

As with the luminous and chemical rays, so ^vith the heat-rays there 
is a difference in the calorific intensity of the centre and limb, the radia- 
tion being greatest from the centre. The poiar regions, also, are colder 
than the equatorial ones ; and Seeehi has shown that less heat is radiated 
from the spots than by other portions. Sir John Herschel thinks that one 
of the hemispheres of the Sun is hotter than the opposite one. 

It has been held that there exists a close correlation between the 
periods of maximum and minimum of the solar spots and the Earth's 
temperature. There is no doubt an intimate relation existing between 
them and the Earth's magnetism. This has been ])roved by delicate 
i-esearches e^itsBcling over n hng pej-iod of years, carried on by sudt 
ptysieista as Major- General Sabine, the President of the Eoyal Society of 
London, Schwabe of Dessau, and Wolf of Zurich. 

[Thus we come upon another bond of union between the different 
membei-5 of our system besides gravitation, and there is good reason for 
believing that our luminary was once caught in the act of creating a 
magnetic disturbance on our Earth. On the 1st of September, 1859, two 
astronomers, Messrs. Carrington and Hodgson, were independently 
observing a large spot, when tliey noticed a very bright star of light 
suddenly break out over it, moving with great velocity over tbe Sun's 
surface At the same moment the magnetograph at Kew, where all the 
changes tn the Earth's magnetism unceasingly register themselves, was 
\i lentl\ affected.] 

\ question of great interest, of which a solution has lately been 
attempted is that of the permanence or the decrease of the solar lieat in 
the c m'*e if ages. 

A philosopher of great eminence — Professor William Thomson — 
his enunciated the idea that the solar temperatore is constantly sus- 
tained by a fall of meteorites, the motion of wbich is transferred into heat 
at the moment of impact. Whether this theory be true [and we believe 
Professor Thomson has abandoned it*], or whether the solar globe 

• [The strongest evidence in its favour lia", liowever, been disoovered since Sir 
W. Tliomsoa expressed doulits respecting its validity. We refer to the disp;overy 
that tlie ineteor-sjateniB eneonnlered hy the Earth travel for the most part in orbits 
of remai'katile eccentricity, instead of nearly circular orbits, ns ha^ beeu surmised. 
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loses its heat year by year, it is perfectly certain that there will he still 
sufficient heat left to support life on the Earth and the other planets for 
milliona of years to come — a perspective \iew which in truth is very 
consoling. 

The question of the hahitabiiity of the Sun has also heeu agitated ; on 
the hypofhesiB ■which makes of this body an incandescent globe, the 
answer can on!y be in the negative. We have no idea of an organised 
heing capable, of living in a temperature ao enormous. But the case is 
altered if we suppose that the eolar globe itself is neither very luminous 
nor incandescent ; if we admit that it can be protected against the radia- 
tion of the photosphere, hy an envelope of great density,which absorbs the 
light, and is at the same time a non-condnctor of heat. Arago remarks, 
' If any one were to ask me simply the question. Is the Sun inhabited ? I 
should answer that I did not know. But, if he asked me if the Sun 
could be inhabited hy beings organised in a manner analogous to those 
who people our globe, I should not hesitate to make an affirmative reply.' 

Questions of this kind will never be resolved categorically; their 
Boltition, whatever it may be, will remain eternally to humanity in the 
domain of the probable. But what we must acknowledge, what ought to 
strike our minds, now so much evidence has been placed before us, is the 
varied and continual influence of the Sun on the conditions of existence on 
the surface of our globe. 

He acta on the Earth by his mass, whether he maintains it in its orbit 
at distances the variation of which is regulated hy inflexible laws, or 
combines his action with that of the Moon, to produce the semi-diurnal 
oscillatory movement of the waters of the oeean, — the tides. The heat of 
the solar rays is the principal cause of the perturbations of equilibrium of 
the atmospheric strata. It is that which gives lise to the wind, to the 
aijrial and marine cuiTents, to the evaporation of the water of the rivers, 
of the lakes, of the sea, and which produces a continual cireulation of fluids 
on the surface of the planet. This action is thus found to be the cause of 
the secular modifications of the geological strata, by the slow hut in- 
creasing denudation of the rocks, and by the transport of material due to 
currents. It is the heat and the light of the Sun which everywhere 
distribute life to the beings of the vegetable and animal world, ' At one 
time,' says Humboldt in his Cosmos, ' its action manifests itself tranqitiUy 
and in silence, by chemical affinities, and determines the divers phenomena 
of life, in vegetables by the endosmosis of the cellular wall, in animals in 
the tissue of the muscular and nervous fibres ; at another it fills the atmo- 
sphere with thunder, waterspouts, and hurricanes. The light-waves do 
not act only on the w^orld of matter; they do not confine themselves 

It is probable, however, tbat only a portion of the Snn'sheat-supply can be ascuuiited 
fnr in this way, and possibly not the most iniportunt portion. Anotlier portion mny 
be acconnteil for, ns Hdmboltz has suggested, hy die distribution otheat coiTe- 
spondiag to ihe gradual contraction of the Son's volume. — K- A. P.] 
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to doconiposing and recomposing substances ; they do not merely draw 
ifrom the bosom of the Earth the delicate germs of plants, and develope the 
green matter or chlorophyl in the Jeaves ; they do not simply tinge the 
odorous flowers, or repeat thousands and thousands of times the image of 
the Sun, in the midst of the graceful break of the wavea, and on the light 
stema of the prairie, bent with the breath of the winds. The light of 
heaven, according to its varying degrees of duration and brilliancy, is 
also in mysterious relation with the inner man, with the development 
more, or less decided of his facalties, with the gay or melancholic dis- 
position of his mind. This is what Pliny the elder referred to in these 
words : ' Cadi triuitiam dismtii sol, et hiimani nuhila animi serenat'* 
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BOOK THE SECOND. 

THE PLANETS. 



We liave seen tint round the Sun — that immense focus of ligtt and heat 
— revolve at different distauces, and in ividely varying periods, a multitude 
of Beeondary bodies, aud among them our Eartli. Sometimes solitary, 
sometimes arranged in groups whieH reproduce in miniature the Solar 
System itself, these bodies form so many distinct worlds of which the 
dimensions, distances, movements, form, structure, and physical constitution, 
deserve a separate examination and study. 

This study will now occupy ns. The numei-ous phenomena of which 
these worlds are the theatre — phenomena observed by our astronomers as 
each planet has glided past i\s — not only make us acquainted with the 
mechanism of the sj-stem as a whole, but pennit us also to examine some-, 
what closely into the details of the physical organisation of each of these 
bodies. 

If we look through the most powerful telescopes, we shall see the form 
of the pUnets and their characteristic features ; and the marldngs visible 
on their disks will tell us if they i-otate, and what is the duration cf their 
day and niglit. The forms and dimensions of the orbits, and the periods 
of i-evolution, will give us precise information respecting the succession of 
seasons and climates, and the lengtlis of their years. Even the climatic 
vaiiafiona wll he partly revealed to us by the degree of inchnation of the 
axis of rotation to the plane in which the body moves i-ound the Sun. 

The presence of satellites will not offer less interest, whether we con- 
sider the partial illumination of the planet's night, caused by the reflection 
fi-om the iDuminated faces of these — id their turn — secondary planets, or 
the eclipses, necessai-y consequences, occui-ring moi-e or less frequently, of 
the interposition of an opaque body between the illuminated disk of the 
planet and the source of light. 

We shall encounter the Earth in our wanderings through the planetaiy 
spaces. The study of the astronomical phenomena which relate to it will 
affoi-d assistance by no means to be despised in enahliug us to comprehend, 
the anabgies and differences which these phenomena present in the various 
plauetaiy worlds. 

Starting, then, our journey fi-om the Sun, we shall visit "in succession 
all the bodies which revolve round him, following the most natural order, 
that of their distances. 
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Apparent 5 io™m cut and ph as: es — Distances from the Smi and Earth— ronn aril 
DimenKions; its Transit, aorosa the Sun's disk — Length of Day and Night, Sea- 
sons and Climates— Equatorial Bplts, Atmosphere and Mountains of Mereury — 
Mass, Density, and Forie of Gravity on its snrface. 

When the sky is clear, niid the atmosphere at the horizon ia not too 
much charged with vapour, there may be perceived sometimes in the 
evening, after the setting of the Snn, a star, whosa brilliant twinkling light 
renders it conspicnons in the ruddy and faint glimmer of twilight. Its 
apparent elevation above the horizon, at first snialf, increases little by little 
each evening, hut it never recedes from the Sun more than 28°.* 

This star is the planet Mercury. 

If we continue to observe it on favourable evenings, it will be seen 
finally to approach tha Sun, and, lost in the dazzling brightness of his 
rays, set with him. 

Some days after, in the morning before snnrise, the same star, again 
emerging from the Sun's rays, will rise earlier and earher, mounting day 
by day to a higher elevation above the horizon ; the maximum of this to 
the east will he precisely equal to that it formerly attained to the west. 
At last it begins to retrograde, approaching the Sun, until the moment 
when it again disapjiears in his r.iys. Mercury accomplishes then, in this 
manner, a complete revolution round the Snn ; to us it appears like an 
oscillation, and one which it repeats continuallv; its duration varies between 
106 and 130 days. 

The ancients, who did not know the true system of the world, deceived 
liy the double appearanca of Mercury, sometimes after the setting and 
sometimes before the rising of the Snn. believed at first that two distinct 
bodies were in question; they named one Apollo, god of day and light, 
and the other Mercur\-, god of thieves. The Indians and the Egyptians 
also gave it two different names. But observers remarked, at last, that 
one only of the two bodies was visible at the same time, and that the 
appearance of the one coincided very nearly with the disappearance of 
the other. To conclude their identity from this fact was not a difficult 
matter. 

If, instead of confining onrseivea to naked-eye observations, — which, 
hy the way, are by no means easy — we employ a telescope of pretty high 
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magnifying power, it \vill bo found that tlie form of the planet varies 
according to the time of observation. Tliis remarii also holds good nitli 
iCa apparent eize. , 

Let us speak first of ils form. Mercury, in the eonrse of one of its 
oscillations, presents phases entirely analogous to those of our Moon. It 



• o 



is at first a luminous disk, nearly circular, which by degrees is reduced 
on the side towards the east, until not more than a half-circle is visible at 
the period of its greatest apparent disiance from the Sun : the erescent 
form henceforward characterises it more and more, until it is only visible 
as a fine luminous thread. We give some of these ]>baEes. The progres- 
sive inei'ease of its apparent dimensions is also shown in exact proportion. 



(o 



The same appearances are observed, but in inverse order, when 
Mercury is observed during the period in which he is a morning; star. 

It is easy to accoimt for these facts which observations have placed 
before us. The phases prove that Mercury has the form of a spherical 
globe, which is not self-luminous. Its movement round t!ie Snn places it, 
relatively to the Eailh, in a series of very different positions, and shows us 



Hosted by 



Google 



oy THE SOLAE SYSTEM. 

portions, sometimes smaller, sometimes larger, of its illuminatecl half. Tlie 
same movement varies its distance from the Earth, — this explains the 
variations in the apparent dimensions of its disk. 

On the preceding page is a diagram of the positions of Mercury in. 
different parts of its orbit, during the period of an entire oscillation com- 
pared to the successive positions occupied by the Earth. 




"When Mercury ia in the same direction as the Sun, we Bay that the 
planet is in conjunction. It is in superior conjunction when beyond the 
Sun ; and in inferior conjunction when on our side of it. In the first ease, 
it turns towards us its bright hemisphere ; in the second, its dark one. 

If the Earth itself were immovable, the interval of 106 to 130 days, 
^■hich we have seen to be the period of an entire oscillation, would be 
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MEiioup.v. 59 

also the period of a rcvoh t n of Alerc y d tl e S P t f easy 

to see from tJie preceding d agram that 1 ^ tl e t e the pla et haa 
returned to the same conjun t on aga n the Earth 1 as t a elle I onwards 
in it3 orbit, and Mercury 1 as therefore ac mjl shed m re tha i om- 
plete revolution. 

Itt reality, the time of a jevolution ot Mercury is less than that of a 
complete oscillation ; it is about 88 of our days.* 

If the orbit of Mercury were a perfect circle, its distance from the Sun 
■would not Yary. But it is known that the orhita descrihed by the planets 
are ellipses — oval curves more or less elongated, of whicli the Sun does 
not occupy the centre, but one of the foci. 

Amongst the eight principal planets, Mercury's orbit differs most from 
the circular form. Hence, its distances from the Sun are very variable, 
"While at its greatest distance from the central body its distance is 44,475,000 
miles, it approaches at its least distance to within 29,305,000 miles, the 
difference being over 15 millions of miles. In each of its revolutions Mer- 
cury traverses little less than 210 millions of miles. 



Kg. 21.— Apparent di 



This gives a velocity of 2,400,000 miles a-day, 100,000 miles an hour, 
and finally close upon 28 miles a second. 

As we are speaking of distances, let us say a word with regard to 
those which separate Mercurj' from the Earth. These vary still mor-e than 
those we have before mentioned ; and this can easily be conceived, hecaiise, 
firstly, the disUnce of the planet from the Sun varies; and secondly, 
because Mei-cnry, as we have seen, is sometimes between our Earth and 
the common focus ; and sometimes beyond that focus, — the Sun. 

In the first of these positions. Mercury approaches witHn 49,223,000 
miles, while in the second it is distant 132,OlX>,000 miles ; these distances 
varv in the ratio of one to three; and its apparent diameter changes in 
inverse proportion to these numbers. 

• More enflotly, 87 days 23 liours 16 minutes and 40 seconds. Such is the pre- 
dsion with whioh astronomers have suceeeded in mecisuring eeleslial phenomena. 
This revolution is called a sidereal revohition, in eontradistinetioa to the ' sjnodio 
revolntion,' because, relntively lo llie Sun, the planet again occupies Ihe same por- 
tion of the heavens. By the synodic revnlidlon of a pknet is espresaed the interval 
of dme taken to return to the same posiiion relatively to the Sun as 5een from the 
Ennh, 
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60 THE SOLAR SYSTEM. 

As to its Yeal dimensions, they have been easily deterniiiieci from the 
two elements whieli pi-ecede : we allude, on tlie one h.ind, to the measure 
of its apparent diameter ; on the other, to the distance of tlie planet from 
tlie Earth. We hence derive the first ptysical datum relating to Mercury, 
that it has the form of a globe, of 3089 milea in diameter : this is about 
two-fifths of the mean diameter of the Earth., Fig. 26 gives an exact idea 
of the i-elati¥e sizes of the two planets. 

Hence it follows that the surface of Mercury is nearly six times and a 
half less than tliat of our dweOing-place ; seventeen globes, of tlie same 
Yolume as Mercury, would be rec[iiired to equal the volume of the Earth. 

la Mercury of a perfectly spherical form ? It is difficult to be assured 
of this in obser^'ing the planet in its phases. The brightness of its ligbt ia 
such that precise measures are estremely difficult.* 




id "-ith (io tivlb. 



Astronomers have therefore preferred to take advantage of a pheno- 
menon whicfi occurs pretty frequently, and sufficiently so to control the 
observations. We allude to the passages, or transits, of Mercury across 
the Sun's disk (fig. 27). 

It must be borue in mind that once in each of its i-evolutions round the 
Sun, Mercury passes between the Earth and that radiant body. 

If the plane in which the planet moves were identical with that of tJie 
terrestrial orbit, that is to say, coincided with it, at each inferior con- 
junction Mercury would be projected on the Sun. But this ia not the 
case ; owing to the inclination of the plane of the orbit of Mercury to that 
of our Earth, sometimes the planet ia thrown above the solar disk, some- 
times it passes below. It happens, however, occasionally, that it is precisely 

" In 1B33, Soiurn and Mercui^ ot^cnpied the same region of the heaven?, in ap. 
pearanee, that ia to say. Aefording to Beer and. Madler, whn ohserved them at that 
time, 'Satnm pompnreil to Mereuiy oppeaved pale and -without brilliancy', Mercury 
jiresentoJ. a varinlile brightness, amireinaineii perfeotly viaible after the ridng of the 
Sun, whilst Saturn disappeared ftom the sight. Merourj- was illuminated a little 
more than half.' 
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MERCURY. CI 

of the same npijaront heiglit as the Sun. ]\Iercury is then seen as a black 
round spot, traversing in the course of several hours* the Sun's disk, wliich 
is then partiall\ echpsed f 

The sharpness of the pla^et s ciculir form the nniformifj cf the 
movemeBt of the Had ■ipoc o^et the "^un and lastlj the time of the 
transit, are circumstances which gufEcientH prevent the phencmena bem^ 
confounded with those of solar spots 

Aatronomei-a have chosen the favourable occasions cffered I\ the^e 
transits, to measure by the iid of miciomptrical instrument the apparent 
diameter of Meicury fr m which h\ aa eaH> calculat: n they ht\e leen 
able to determme ita real dimeuaiona They ha\e at the same time 




observed that the bJacl bj. t wis alwus perfectlj round that la to say, 
that the gl be shona no trace of flattening J 

We now 1 now the movement of Alercuij round the Stin the time of 

♦ The dnralion of the transit is very variable. It may last abont eight hoars. 
The last passage took place oa the 13th of November, 1861. We may add that up 
to tlie end of the present centary there will he six others, the first of ivhich will 
take place on the 6th of NoYember, 1908. The transits of Mercury alwajs occur in 
May or November. 

t 'The first of .these observations was made at Paris, by Gassenili,on the Tth of 
November, 1031 , and, as mentioned by him, in aconrdance with the wish and sug- 
gestion of Keplor, forKeplpr bad pi'edicteil this li-ansit. and had printed or written on 
it the preceding year, which was that of his death.' — D'Afemlfrfs Encyclopedia, 

X A single observation of this kind would not always be conclusive, since Mer. 
cury might be in snch a position as to present to us one of its poles of rotatjon. Be- 
sides, the flattening might be so slight as not to be measurahle at this distance. 
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its revolution, its distances from the fimi and fi-nm the Earth, and, lastly, 
its dimeneiona in diameter, in surface, and iii vubme. It only remaina 
now to speak of what is Icnown of its physical constitution. The facta 
that science has sncceedcl in gathering on this curious and important 
point of the monography of the planets ought to present a lively interest to 
MS all, hy reason of the likeness or contrast which each of these worlds 
possesses to our own. The manner in which light and hest are distrihuted 
on the sutfaces of the planetary hodies, the succession of their days, nights, 
and seasons, the existence or the want of an atmosphere like ours ; lastly, 
the markings that the telescope has pei-mitted vs to observe on their sur- 
faces, are so many valuable particulars which enable us to make the most 
probable conjectures on the organisation of the living beings which doubt- 
less people them. Supported by such positive data, imagination can 
then launch boldly in the field of conjecture. 

The intensity of the hght which Mercury receives from the Sun, at its 
mean distance, is nearly seven times* as great as that with which our 
globe is illuminated under the same ond t ons of d ta ce 

It is not then surprising tl at the a c ent gi o Jle curv the ep thet of 
' Twinkler' {i!ri>.$on). Th s ot all The la s go emmg the pr pa 
gallon of radiant heat are tl e same as tto e f 1 It Mercury then 
receives seven times more heat tha the E rtl or n or properlj 1 eat 
the intensity of which is in the mean se en tim 3 a. r at 

To judge by the impress n 1 ch the 1 "1 1 ra\ s mal e on o r e e 
seeing diat we cannot hear ti e da/zhn^ tr 1 tne s without pa n ind 
again, by that which they n al e on our body hen t 3 s Ijected to tl e r 
influence, the inhabitants of Mercury should be extremely uncomfortable. 
But are they formed like us ? and have their senses the same degree of 
impressionability? We know not. Variations of temperature are also 
disagreeable to us. In this respect, again, we must own that the in- 
habitants of Mercury have more to suffer than we. Owing to the planet's 
elongated orbit, we have seen that sometimes it recedes from, and some- 
times approaches, the Sun, and that the difference between the extreme 
distances amounts to fifteen millions of miles. So that whilst at aphehon,-|- 
the intensity of the luminous and heat-rays is no more than four times and 
a half that of rays received by the Earth ; at perihelion, on the contrary, 
it rises to more than ten times the same quantity. 

Lastly, and this adds still more to the contrasts of temperature, the 
variations occur in. a period of time less than a quarter of one of our 
terrestrial years. Presently, we shall see that the seasons present stilt 
greater anomalies. 

• Esactlj, 0*07. 

+ ApMhii — thegreatest distance of a Uoily from the Sun; imm iii from, and 
Kkns llu: Snii. FeriAnlion— leant dislance : from Tifl near to, and b;uo(. If the 
orbit of a lody were rigidly citculw, there would be neither aphelion nor peribelion 
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MEBCL'EV. &3 

We must not forget, liowever, that one circumstance maymodify all this 
to an extent sufficient to render the conditions of vegetable and animal life in 
Mercury either similar to our own or more different still. This circumstanne 
is the existence or absence of a gaseous or vaporous envelope, — in a word, of 
nnatmosphere? HasMercnry, then, an 
atmosphere? According to many astro 
nomers, Mercury presented the follow iim 
aspect (fig. 28) in its transit (17 H) 
across the solar disk. Instead of a blacl 
round spot, perfectly clear and ■well de 
fined, there was seen all round the disk of 
the planet a circular band lesslnminoas 
than the rest of the snrface of the '^un 
forming a sort of nebulous ring. It w is 
thence infeiTed that there existed aien 
high and dense atmosphere. Eecentob 
servers have not seeu anything like it 
But, on the other hand, they have le 
marked in flie phases of the planet, ^'^iSi~*'t^',^™lt ^^^ tilVn. 7ft wi^ 
that the line of separation of the Hght "9»- Vnprirmis nureoia. and brisht point 
and shade, which astronomers call the 

terminator, is never very decided, so that the breadth of the luminous part 
seemed diminished. ' Hence," say Beer and Madler, ' we may conclude 
that' Mercury has a pretty sensible atmosphere.' 

If this be so, we can form an idea of the modifications which a some- 
what dense atmosphere would induce in the intensity of the light and heat, 
by comparing the days when on our Earth the sky is dear and without 
clouds — when the Sun darts its rays on the surface without obstacle, witli 
the dark and dull days when the clouds completely hide him from us. The 
density of the atmospheric envelope we see. then can strikingly change the 
effects of solar radiation. Let us compare, for instance, the temperature 
of one of our valleys with that of the mountainous summits which surround 
it. It is like passing from summer to the cold of winter, from the burning 
heat of July to the frost of November, and yet the Sun shines alike on the 
mountains and on the valley. 

Finally, the chemical composition of the atmosphere of Mercury, the 
nature of the gases of which it is formed, and which are perhaps very 
different from the nitrogen and oxygen of our air, are also features which 
may influence the climate of the planet ; concerning these matters we have 
no data. Let us confine ourselves, then, to describe the astronomical 
phenomena of which the influence is incontestable. 

In the first place, let us consider the length of the day. Mercury 
turns on its axis in 24 hours and 5^ minutes, and his year comprises S7J 
of these sidereal rotations.* The mimber of his solar days in this period is 

[* Gretit douljt rests, lioivMor, both on this estimate and oa tlic estimnte of the 
plmiffs indinntion.— E. A. 1'.] 
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therefore blig, \\lii'nee results as the length of one of them 24 hours and 
54 seconds. This is nearly the length of one of our oxm solar days, so 
tliat the organised heings of the two planets have the same periods of 
light and darkness, of activity and repose. But the relative length of the 
days and nights in the course of the entire year is much more variahle 
than on the liarth, owing to the great inclination of tlio axis of Mercujy 
to the plane of its orhit. 

Fig. 211 shows, according to the old ohservers, at what angle Mercury 
presents itself to the Sun at the commencement of each of its seasons. 

Very extensive zones around the two polos enjoy at one season, during 
their summer, continuous day ; at another, during their winter, they are 




plunged in profound darkness. It is only during a short period and near 
the planet's equinoxes, that these zones see light and darkness succeed in 
the interval of the same day. 

The glacial and torrid zones are not distinct on Mercury, and temperate 
climates do not exist, or rather their zones change their character twic9 
during each revolution. The equatorial regions aJone have the advantage 
of possessing all the year, day and night, light and darlmess, and of 
experiencing heat during tlie day, cold and calm during the night. It is 
true, however, that if the San tow^ards the equinoxes rises so far aa the 
zenith, it descends nearly to the horizon in the extreme seasons. 

Wc ha"\'o said ahove, that the orhit of Mercury is very elongated, or, 
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Ill astrinrnutal language, that its eseentiidty " is coiisideral-le. It 
results that the seasons in Mercury are of very unequal duration, and, 
aeeitig that, sccording as we ccnsider the northern or the southern hemi- 
epheie, the spring and the summer of the one are the autumn and tlie 
■nnnter of the other, a like inequality should exist between the extreme 
femperafiiree of the two hemispheres. 

The great proximity of Mercury to the 
solar rays renders the observation of the 
planet somewhat difficult ; very little, there- 
fore, is known of its' surface. One diligent 
observer, SchrOter, at the end of the last 
centnry, was able, however, to observe some 
dark bands on its disk (fig, '30), which he 
considered as an equatorial zone; it was 
from the direction of these bands that he 
deduced the inclination of the axis of rota- 
tion. Besides this,dimng the crescent phoees 
many observers (SchrOter, Beer and Madler) 
have seen indentations which make the i^hrater.)" 

line of separation of light and shade 
appear jagged ; they also observed that the southern horn of the 





Sjiithera'HQrn. (SdiiOter,} 

was truncated (fig. 31). These markings were not always visible, but 
disappeared, to show themselves anew at intervals, the periodicity of which 

• We have already remarked that it is not in the centre of the ovnl curve tra- 
versed by each planet that the Sun is situated, but in a point by so much wore 
distant from this centre as the curve is more elongated. The name of cxcenlTuity is 
given to the distance between these two points, compared to the half of the greatest 
diameter of the orbit. Let us add that the place where the Sun is, is "Klled the 
focM of the curvp, and that the focus ie always one of those points in the greater 
diameter to nhich we have allnded. 
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lias enabled us to determine tbe period of rotation of Mereury. TLey 
evidently indicate the existence of high mountains, which intercept the 
light of the Sun, and of valleys plunged in shade, which lie near the 
parts of (he sarface of the planet then illuminated. 

Mercury, therefore, has mountains. The measurement of the amount 
of truncation of the crescent, has also shown the height of one of them, 
and if this meaGnre is not exaggerated it ia not less than the 7j7rd part 
of the diameter (rf the planet; that is more than eleven mOesI Now the 
highest mountain known on the Earth, Ganrisankar of the Himalaya, is 
not more than 29,000 fget in vertical height ; this giant of terrestrial 
mountains, therefore, doea not rise above the sea-level more than the -rj^Tjth 
part of the Earth's diameter. 

SchrOter, when examining Mercury during its transit over the Sun on 
the 7th of May, 17!t9, saw, or believed that he saw, on the .hlack disk of 
the planet a luminous point. It has been concluded from this observation, 
■which has not however been confirmed, that tJiere exist on the surface of 
Mercury active volcanoes. This would bo another analogy between the 
physical constitution of this jJanet and that of the Earth, 

We have already said, in speaking of the Sun, that astronomical 
science has succeeded in ascertaining the masse's, or die relative weights, 
of the celestial bodies of the solar system. The mass of Mercury is snch 
that 4,8615,000 globes of the same weight as its own would be required to 
balance the mass of the Sun. As the latter is itself 35i,936 times as 
heavy as the mass of the Earth, it follows that the weight of Mercury is 
the -^i^aths, or more simply four-fifths, of the weight of our globe. In 
comparing these nnmbere with those which measure the volumes of the 
two planets, it ia found that the matter of which Mercury is formed is much 
denser than that of which the Earth is composed. Its density is half as 
much agdn. It lies between the specific gravity of iron and copper. . . . 

Lastly, there is another physical fact which we must take into account 
if we would form an idea of the beings which people the planets of the 
solar system. We refer to the force of gravity on the surface. The 
inflnence of this force is all-important ; according as its intensity ia greater 
or less, the muscular movements, for example, are more or less difficult, 
requiring an expenditure of force more or less considerable. According to 
the most recent determinations, the force of gravity on Mercury is but 
three-fifths of what it is on the Earth. To snm up. By the aid of all 
the astronomical, physical, and meteorological, data which we have 
reviewed in this study of Mercury, and compared with the coiTssponding 
elements of the terrestrial globe, it has been possible for us to point out 
both the resemblaneea and differences of these two worlds, revolving in 
regions of the heavens, which are, after all, near each other, when we eon- 
sider the extent of the whole planetary system. 
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Distance from tbe Sun — Apparent and real Movements; Form of the Orbit — -Dis- 
tance of Venus from the Earth — Renl Dimensions, Form, and Surface-marliings; 
Eolation — Dny and Night on Venus; Atmosphere, Seasons, and Climates — 
Physical ConstittiUon. 

The two planets nearest to the Earth — Mars and Venus — are precisely 
those which present the most striking analogies tn it ; Mars especially, 
which we have more particularly studied. This fact is a very natural 
one, and it will appear to us still more so when we try to form an idea of 
^he origin of the system, accordmg to the views of Laplace. For the 
present let us study in detail the various phenompna which each planet in 
turn presents to m. 

Mercury is the first planet which we encountered on leaving the Sun. 
Venus comes after Mercury in the order of distance, whilst of all the 
principal planets Mercury is that which describes an orbit of the most 
elongated form, and that hy very much. Venus, on the contrary, moves 
in an orhit the form of which approaches nearest to a perfect circle. 
There is not between its greatest and leait distances from the Sun — 
between its aphelion and its perihelion, to use the language of astronomers 
— a difference equal to the -j-Jsth part of the maximum di'itance. 

The mean distance of Venus from the bun is tifi, 932,000 miles ; its 
maximum distance is 69,405,000 miles: and when nearest to the Sun, it 
is still removed from him 68,459,000 milcfi. 

What is the result of this quasi equality in the movement of Venus ? 
It is, that the quantity of light and heat which it receives from the Sun 
varies little in the difierent poiats of its orbit; or, what comes to the same 
thing, in the different seasons of its year. Yet, this quantity is still nearly 
double in intensity that which our globe receives, — a fact we must take 
into account when we treat on the physical constitution of the planets. 

Venus, like Mercury, is sometimes an evening, sometimes a morning 
star. It appears to us to oscillate in the same manner round the Sun. 
But the amplitude and the duration of its periodical oscillations are much 
greater. Thus, in that part of its apparent orbit in which it recedes 
each evening from the setting Sun, it advances at its maximum eastern 
elongation to a distance of 48°, while that of Mercury is 29°. liMien in 
the morning before sunrising, it gradually leaves that body, its maximum 
western elongation attains the same value. 

"Who does not Imow the Shepherd's Star? Who has not contemplated 
its soft and brilliant light, rarely twinkling, and intense enough at times 
to cast shadows? Where a light doud veils that portion of the sky 
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cipiei 1\ th jhnot a |.rettv «tr nij ghmroei' wiil st II mioate iW 
po?]t 11 m the centie of thn lumnoiB ring formed b\ tie llimnattd 
molecules of the int^rf-oamg cloud The bnlhancy of thia pi net ib mdee 1 
sometimes sf intense that m a very clear sky it is visible by day 

The evening star reoenei from the aucienti the nimo of "\ esfer 
whilst the^ gave t^ the m niing star the name of Lucifer The same 
error which led them to d uble Mercuiy — if w* ma\ he allowed the 
e\piessior — made them see m \ en s al-fo two distinct bodiei But they 
at length recognised the identitj of the two stars, and Venus eventually 
rephced \ esper and Lucifer 

\ enus takes 584 davs lo accomplish an entire oscillation At the 
end of this tme it i' a^iii found m an identical positi n with reE;ard t 
the Si n ai d the Earth and recommence this ippircnt movement round 
the central b Iv 

This similaritv in the ajf irent mo^emenls of the two planets nearest 
ro the Isun would lead us to infer that their real movements are ainjilar. 
This is the case, Venns describes round the Snn a curve entirely enclosed 
by the orbit of the Earth. 

Accordingly, when, instead of observing it with the naked eye we use a 
telescope of considerable magnifying power, we perceive that it presents 
phases * like Mercury, and that, like this latter planet, its apparent 
dimensions vary as in its movement it recedes from or approaches our 
Earth. We need not hel^ repeat the explanations that we gave in the 
case of Mercury, inasmuch as they would be quite identical for Venus. 

We must not confound the period of a complete oscillation of Venus 
with the period of its real revolution. As the Earth moves at the same 
time and in the same direction, the planet requires in reahty nmch more 
time to return lo the same position relatively to the Sun and the Earth 
than to accomplish an entire revoiation, or, as it may be espressed, to 
return to the same part of its orbit. So, while the synodic revolution of 
Venus is accomplished in about 584 days, its sidereal revolution requires 
only 225 days (224'' 16'' 49" 7"), or less than gths ot one of our yet^s. 
In this interval, the distance which it travels is upwards of 430 millions 
of miles, so that its mean velocity is- 80,000 miles an hour, or nearly 22 
miles a second. We have seen already that Mercury travels at the rate of 
28 miles a second ; the generalisation of these facta will show us that the 
velocity of the planets decreases as we advance from the common centre of 
their movements. 

Viewed from the mean distance of Venus, the disk of the Snn seems 
nearly double (in surface) its apparent size as seen from the Earth. (See 
fig. 2, p. 24.) 

A word now on the different distances which separate the two planets 
when in various positions in their orbits. 

* Galileo recognised them first. 
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■VVhfin Verms is between the Sun and the Eartli, it is obviously nearest 
to us ; and when it is beyond the Sun, it is farthest from ua. 

In the first case, to Imow the distance between the two planets, we 
must find the difference of their diitancea from the Bun ; in the second, 
we must add them together. 
But let us say, once for all, in 
respect of Venus as in respect 
of the other hodies of the sys- 
tem, that as the orbits are not 
circles, but ellipses or ovals, 
there is for each of the two 

mum. We will dwell upon 
thcM details when their im- 
portance renders it neeessary. 

The greatest distance of 
Venns from the Earth varies 
between l(ifi,304,OOO and 
1(!2,167,000 miles,— its least 
distance between 24,839,000 
and 24,29;i,000 miles. The 
divergence of the?e numbers . 
would leave us to believe 
first, that the observations 
Venns ought to be much m 
favoiirable in the case of short 
distances. This, however, is 
not the case. In this part of 

its orbit, in fact, Venus presents to us more and more of its dark hemi- 
sphere, and, besides, its light is extinguished by the brightness of the solar 
Tays. This last circumstance is repeated at the period of its maximum 
distance, bo that it is in the intermediate phases that it is most difitinctly 
visible and its light most brilliant. 

From figure 33 we can understand both the change in the apparent 
size, and in tlie degree ot i&iiTfiTiia\TO\i *? ^U dltk at, \tB esttcme and mi an 
distances from the Earth. The diameter varies nearly in the proporiion 
of the numbers 10, 18, and Ii5. 

When both the distance of an object and its apparent size are known, 
nothing is easier, as already remarked, than to determine it« real 
dimensions. It has been calculated* that tlie diameter of the globe 
of V.enns measures 8108 miles which is within the rnS^th part of that of 
the Earth. The dimensions in volume and surface also differ very little 




• By Sir W. Herschd, Arago, Beer and Madler, &o. [Lev 
lo Uie piattet a smaller dianietur.J 
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70 THE S„LAE BTSTEM. 

from those of ttie terrestrial Bplieroiii. But up to the present time no 
perceptible polar oumpression. haa been ohaerved. 

Tliig last result ia not at all astonishing, for if such a Hatt^nlng really 
existed, if it did not exi«ed that of the terrestrial poles, even the most 
delicati detect it. Although Venus is one 




of the nearest planets to the Earth, astronomers 1 
Uiffieulty in moa-iuim^ lis appiicui dnmctLr m d pii 




orfing to the astonishing brilliancy of the light of Veniis, and to the 
irradiation* which is prodtioed in its image in out instmments — a caiise of 

* The effect of irradiMion may be observed in fig. 36. If two circles, one ot 
which is blaok, the other -white on a blaok ground, are eiamined. it will be K6i5n that 
the liuit seems perceptibly larger ; and nevertheless their diameters are rigoriiusly 
the same. This effect is bj so nmch the wore perceptible as tie light of the olyeut 
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error which it is very difficult to estimate. How can we then be astou- 
isheA if we are not sure of its diameter within the j-Ja'^ ?"*■' '' 

If the flattening of the glohe of the planet is unknown, thia is not the 
case with the period of its rotation, although its determination has also 
necessitated very delicate observations. 

Venus turns on itself ia 23 hours 21 minutes 23 seconds. That is a 
period less than that of the rotation of the Earth by 35 minutes only. As 
in the case of Mercury, it is by the careiiil watching of the irregularities 
which the illuminated part of the planet presents at the hmit of light and 
shade, and their successive and periodical reappearances, that various 
astronomers* have been able to measure this period, 

Bianchini, an Italian astronomer of the last century, endeavoured to 
dedute the rotation of Venus from the observations of the spots which he 




1 its disk. Although the number he found is completely at 
e with the recognised and adopted period, his otservations, never- 
theless, have their value, as they give an idea of the features winch 
distinguish the surface of the planet.! 

Venus, in its various phases, is far from showing perfectly regular 
forms. The horns of the crescent, especially the southern one, have 
nearly always been observed blunted — truncated, so to apeak. SchrOter 
also saw a bright poiot completely separated from the luminous crescent. 
Fig. 33 shows some of these forms observed by this able astronomer. 

These inequahtiea, besides serving by their periodical return to enable 

• D. and 3. Cassiui, Schroler, Tico, Beer and Midler. 

f Thej were, however, permanent spots, if it be true, as stated bj Arago ('Astro- 
nomie Popolure,' ii, 523), that Bianchini's spots were again seen by Vico, from 1&40 
to 1643, with oR their old forms. We give these spots from Sc:hrbt«rs drawings in 
AphrodUegmphUchp Fra^mente. [Doubts etillreston the subject of the permaQence 
of these markings : and ttccordingly the roiation.period and axial inclination of 
Venas are still held as doubtfal by many astronomers.— R. A. P.] 
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lis to measure the rotation of the planet, are evidences of the ii-i-egularities 
of its surface. Thus the eolid gi-oHiid of Veima is uneven, like that of 
Mercury and of the Earth ; it is covered. with high monntains. But is it 
certain that these asperities attain stich a considerable height as is stated? 
Do mountains exist on Venna to the vertical elevation of- 27 .miles ; that is 
to say, live times higher than the most elevated peak in Thibet, ten times 
the colossal .'\Ioiit Blanc ¥ This is a deUcate iiuestion which f 




measuiement may ppihaps settle But if the first results were confirmed, 
vje could SLircelv help thinking of the strange aspect (lie mountainous 
regions of Venus would oftei , the sublime peaks ot our Alpine regions 
■would be but mere mole-hdla m comparison It we refei to the drawings 
of SehvSter (fig 3b) which represent Venus la three of its phases, we 
shall nutite that the luiniii « put f the h-'l w i\i lum t lumating 
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abruptly along the line of ahade. Its light, on the contrary, diminishes 
gradually; and this diminution may be entirely explained by the 
twilight on the planet. The existence of an atmoaphere of a eoaaiderable 
heighth aa hence been inferred, which, by refracting the rays of the Snn, 
enables them t« penetrate into regions where that body is already set. 
Thus the evenings in Venus would be like ours, lighted by twilight, and 
the mornings by the dawn. 

Venus, during each of ite periodical oscillations, should, one would 
think, when it passes between tlie Eartli and the Sun, be projected on the 
disk of the latter body. But the occurrence is, on the contrary, rare, 
because the plane which Venus describes is not coincident with the plane 
of the Earth's, orbit Sometimes the globe of the planet, alivays, he it 
remembered, with its unilluminated half towards ua, passes higher than the 
solar disk, sometimes it passes below. Two transits occur in an interval 
of eight years, after which they do not again occur until the end of 
another inten-al of more than a century. When two transits have taken 
place both in December, the two following invariably occur in June, The 
last observed were those on the 5th of June, 1761, and t!>e 3rdof June, 17(19. 
The two next transits will take place on the 8th of December, 1874, and 
the 6th December, 1882. We shall see further on, that it was by obser- 
vations of these transits, made very carefully at different stations on the 
surface of the globe, that the Sun'a distance was for the first time calcu- 
lated. Venus, in traversing the solar disk, aj>])ears as a perfectly round 
black spot. 

Now, in what manner do the days and nights vary according to the 
latitudes and the seasons ? This depends both on the way ia which 
Venus in the course of its year presents its polar and equatorial regions 
to the Sun, and on the relative durations of its two movements of rotation 
and revolution. Let us return Ui some of our former statements. 

Venus turns on itself in 23 hours and 21 minutes and T3 seconds ; 
this is the duration of its aidereal day.* Ita year contains 325 terrestrial 
days (224'7), It comprises, therefore, 231 entire rotations, or sidereal 
days of Venus, which are equivalent to 230 solar days of Venus. Each 
ordinary day then on Venus conatsts of 23 hours 2t) minutes. 

On the other hand, the nearly eircrUar fonn of its orbit gives a nearly 
equal length to the four seasons, and the light and the heat of the Sun are 
distributed with a like constancy. But that which establishes a marked 
difference between the terrestrial seasons and climates and those of the 
planet which we are exploring, is the great inclination of its axia of rota- 
tion to the plane of its orbit. In this respect Venua resembles Mercury, 
rig. 37 shows the position of the planet at one of its solstices, at the 

• On each planet, as on the Earth, we can distingiiish the sidereal day, tlie leneth 
of which is identical with that of a rotation, and tlie solar dHy, a little innger t)ian 
the sidereal day. We shall explain, in the chapter relating to the Kntation of tlie 
Earth, the reason for this essential disttnctiuii. 
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coinmencement of the summer of the hemisphere which presents its pole to 
the Sun. At the winter solstice, Venns occupies a diametrically opposed 
position. It follows that the polar regions undergo (dternately the torrid 
temperature of summer and the prolonged cold of winter. At the equator, 
the Sun tkeu attains but a small elevation above the horizon. 

Towards the equinoxes, on the contrary, the regions nearest the equator 
are exposed to the heat of the Sun, the intensity of which is nearly double 
the intensity of the solar heat on our globe. Perhaps a very dense, cloudy 
atmosphere, constantly charged with vapours arising from the heat, enve- 
lopes the globe of Venus, and thus moderates the rigour of its opposite 
seasons. A fact which gives to this hypothesis a certain degree of truth is 
the observation of the transit of Venus over the Sun in 1761. A nebulous 
ring seemed to surround the black disk of the body ; and, . 




the moment when it was but partly projected on the Sun, the i rntfur of 
the exterior limb of the planet was seen edged with a luminous rmg 

These two phenomena are easily explained if we suppose the gkbe oi 
Venus to be enveloped with a very dense atmosphere 

There still remain some other inteiestmg physical A-\ta bearing on the 
constitution of Venus Thus, for instance, calculation hw shown that its 
mass is sucli, that more than 400,000 globes of the same weight would be 
required to balance the mass of the Sun ; it is nearly ^^ifc*^^ °^ ^^^ ^^^ 
of the Earth. Taking into consideration the diftereace of the volumes of 
the two planets, we find tliat the density of the matter of which Venus is 
composed is more than nine-tenths (0-987) of the density of our globe. 

Finally, the force of gravity ou its surface is also a little more than 
nine-tenths of the mean intensity of this force on the surface of the Earth. 

To sum up. The world we have explored resembles in many points, 
in its dimensions and astronomical and physical constitution, that which 
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we inhabit. And, if we were to accept the otservationB of several astro- 
Bomere of the 17th and 18th centuries,* it would present an additional 
resemblance ; as the Moon accompanies the Earth, so also would Venus, 
according to them, he provided with a satellite. But this singular body 
has not been since seen, and high Bcientific| authorities are now convinced 
that the observers in question were the victims of an optical illusion. It 
must be confessed that the doubt which still exists on this point is, at least, 
very curious, and testifies the progress which still remains to be accom- 
plished in the domain of planetary astronomy. 

[Before we quit Mercury and Venus, we must fairly state that the 
decision and positiveness with which the physical data are given by the 
old astronomers, are by no means borne out by modem observation, 
although we might imagine, to say the least, that if the observations of 
SchrOter and others, faithfully recorded by M. Guillemin, were correct, the 
vastly superior telescopes of the present day would have verified them. 
This, hottever, they have failed to do. The different features, although 
stated to ha\e been seen by De Vico during the present century, have not 
once been observed either by Admiral Smyth or the Eev. W. E. Dawes ; 
indeed, the only physical fact which modem observation has placed before 
us, and this we owe ta Professor Phillips and the Eev. T. W. Webb, is 
the possible existence of snow-zones on Venus as on Mars. This, however, 
IS not certain. We must, therefore, caution our readers against receiving 
absolutely the inferences, drawn from the old observations.] 



III. 

THE ZODIACAL LIGHT. 



In the evenings, about the time of the vernal equinox — in March and 
April, when in our climate the twilight is of short duratiori, if we examine 
the horizon towards the west, a little after sunset, we may perceive a iemt 
light that rises in the form of a cone among the starry constellations. 

This is what astronomers call the Zodiacal Light. Those unfamiliar 
with it, or little accustomed to the ordinary aspect of the shy, might confuse 
this glimmering either with the Milky Way, or with the ordinary twilight, 
or even with an aurora. But, with a httle attention, it is impossible to 
mistake it. 

* D. Cassini, Short, Montaigne, K<edMer, Hoirebow, Montbavon, Lambert. 

t Ee Lalande {Emyclofidie Mithodiqm:) 
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The triangular form of this luminous cone, its elevation, and its inclined 
position to the horizon, make it a thing apart and one eminently deserving 
pardcular mention. 

As. the days lengthen, and with them the duration of twilight, the 
Zodiacal Light disappears, it becomes invisible, at least in our climate. But 
it may again be seen in the morning, in the enst, about the time of the 
autumnal equinox, in September and October, when the dawn has an 
equally short duration — again, however, to disappear during the period of 
long nights and long twilights.* 

It is needless to add that the sky must he clear, and the night moonless, 
for observations of the Zodiacal Light f" be possible. 

The brightness of this light is comparable with that of the Milky Way, 
or with the tails of comets, its transparence is such, that all but the smallest 
stai-s are visible through it, Nevertlielesa, according to Mairan. who 
occupied himself with this phenomenon in the days most favourable for 
observation, its light is more iutens? than that of the MiU^ Way, and 
more nniform, generally less white, and inclining somewhat towards yellow 
or red in the parts nearest the horizon. It was only towards the apex 
that he could discern the small stars in the region on which the light was 
projected. 

This yellowish-red colonr was observed also, in 1843, by Arago and 
other astronomers of the Observatory of Paris, who compared it to the tail 
of the eomet of that siHie jear Mireo^er the same led tmt was m l"i.>7 
noticed by Derham 

Now, if from temperate regions of the tw hem spheres ne travel t 
wards the tropica] zones the Zodiacal Light increases in lotensity and 
height, and it can be obaerved throughout the %ear The illustrious 
Humboldt thus relates in his Cosmos the irapreshiois made on him in 
his travels by the sight of this curious phenomenon The m ich yr ater 
luminous intensity which the Zodiacal Light } resented in Spain on the 
coast of Valentia and, in the plains of NewCastde had already determined 
me, before I quitted Europe, to observe it assiduouslv ihe brightncs tt 
this light — I should say of this illumination— still increased in a sur 
prising manner, as I gradually approached the e^iuator on the Amencan 
continent, or on the South Seas. Through the dn and transjarent 
atmosphere of Cumana, on the grassy pliina or Llanos of Caracas on the 

■ In lai^e towns, the thfusiindH of gas-lfimpsOr otherlightarenlerlhe obsena 
tion of ibe Zudiitcal Light very difHcnlt, not Msii^ imposstlle atall times On the 
uther baud in stations, conveniently sitnated, il.oan be seen at varions epochs of the 
year, even in the temperate zones. 

Mr. Heis (of Munster) cites some observations made bj bim in tbe month of 
December, in Germany, and Mr, Jones had observed il at the sitme time in Japan. 

M. Chttoorriaelobserved the Zodiaoal Light in January and February in Paris, 
and in December in Lyons, in 1804. A fact litlla known, establitbed by bim, is, that 
the ligbt ia intense enoagh tn efface stars of the twelflh and Ihineemh m^nitnde. 
' It is beyond doubt," he writes, • that tins pbenoraeiion covers with a yellowish red 
veil the region of the skj on which it is jirojeoled.' 
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THE ZODIACAL LIGHT. T'J 

table-lands of Quito, and on the Mexican lakes, jiai'ticularly at a height of 

eight or twelve thousand feet, where I could stay a longer time, I saw the 

Zodiacai Light sometimes sarpass in hrilliaaey the most strildng parts of 

the Milky Way, comprised between the prow of the Ship and S^ittarius, 

or, to cite thp regions of the sky visihie in our hemisphere, between the 

Eagle and the Swan.'* 

Let us see now if it is possible to account for the nature of the Zodiacal 

Light, which evidently is not a purely meteorological phenomenon, since 

its participation in the 

diurnal movem nt t 

visibility in e n of 

the Earth ve \ d tant 

one from the th an 3 

lasUy, its nea Ij 
able inclinatio al ^ tl 
ecliptic, indicate sufti- 
ciejitly that the cause 
which produces such ap- 
pearances lies outside our 
atmosphere , in the celestial 
spaces. 

Among the explana- 
tions that have been given, 
the most probable one is 
that which likens the Zo- 
diacal Light to a flattened 
nebulous ring surround- 
ing the Son at some dis- 
tance. It is to be re- 
marked, that the direction 
of the axis of the cone, or 
of the pyramid, prolonged 
below the horizon, always 
passes through the Sun. 
(Fig. 38.) 

It was believed at first that this direction precisely coincided with the 
solar equator; but it seems more certain that it coincides with the plane of 
the Earth's orbit, or the ecliptic.f 

The length of the longer axis of the ring is variable, or, as it may be 
expressed, the distance froni the summit of the cone to the middle of its 
base, — to the honaon, — is more or less considerable, according to the 

" ' Cosmos,' vol. ii. p. S!I4. 

t The recent obaecvationB of fl 
made simnltaneouslj, show, lionev 
angle with the latter plane. 
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80 THESOLAR SYSTEM. 

time of observation. Very simple geometric coqbi derations point to the 
concluBiun that the Iiiminoua ring -sometimes extends as far as the- orbit 61 
the Earth, and even surpasses it, sometimes it is enclosed within this 
same orbit. This may he esplaftied in two w&yi: either by admitting 
that the form of the ring' i& elliptical or oval, or, if it be circular, that the 
Sun does not lie exactly in the centre. 

Nuw, *hat is the nature of this luminous mass ? Must it be con- 
sidered as a Kone of vapours thrown off by the Sun when m the process of 
consolidation, when our central star passed from, a nebulous state to that 
of a condensed fluid sphere ? This was ihe opinion of Laplace. 

Another hypothesis, also connected with the first, is, that the Zodiacal 
Light is formed of myriads of solid particles, analogous to the aerolites, 
possessing a general niovement, but travelling separately around the 
focus of our solar world. The light of the ring would be thus produced 
by the accumulation of this multitude of brilliant points, reflecting towarda 
us the light borrowed by each of them from the Sun. 

This explanation accounts for the variation of the intensity of the 
Zodiacal Light at different epochs ; it would suffice to admit that the 
condensation of the particles or the density of the ring is not the same 
throughout its extent, and that its movement of circulation round the Sun 
presents successively different parts to the Earth. In this case, it becomes 
a question whether this lenticular ring of matter is distinct from the 
systems of meteors, of which we shall sijon apeak, and the existence of 
which seems at length established. 

Lastly, some astronomers regard the Zodiacal Light as a vaponms 
ring which belongs to the Earth, surrounding it at some distance. But 
this is an opinion which appears somewhat wild (it can be upset by the 
most simple geometric consideration), and is titterly at \ ariance with 
observation.* 

We omit to mention various other theories now completely abandonetl. 
But it must he owned, in concluding what we have to say on this 
g phenomenon, that while the observations remain so vague and 
I number, we are not yet permitted to pronounce, in a definite 
way, on its nature. 

Cassini and Mairan have observed in the luminous cone momentai-y 
sparkhngs, which they explain by the rapid movements of its particles, 
alternatively presenting faces of unequal size ; nearly in the same way as one 
sees the grains of dust sparkling in the rays of the Sun when tliey pene- 
trate into the interior of a dark room. 

This is an explanation which must be presented with the more 



* Whstever may be the true nature of the Zodiacal Light, 
that the subilanoe of which it is Mimposed lies ' 



lieyond tbe Earth's orbit, sometimes lies within it. Uur rewlers will therefore dd- 
derstand wliy the description of it is found in cliis part of the Solar System. 



Hosted by 



Google 



THE EARTH. 81 

reserve, as the observations of Mairan and Cassini have not been, as far 
fts we know, confirmed. 

The intermittent brightness described by Humboldt — the sudden un- 
dulations which he observed to traverse the luminous pyramid, also await 
explanation. Ar^o did not think this fact could be explained merely by 
variations in the strata of our atmosphere. 



IV. 

THE BAETH. 



TheKarth suspeniled in Space — Proof of its Spheroidal Form— Its Dimensions, 
Mass, and Mean Density — Atmospheric Refraction: its effects on tlie appear- 
ance of the Disks of the Sun and Moon 

The Earth considered as a celestial body — as a planet — will now be the 
object of our study. It is the globe we meet vrith next in our journey 
from the focus of the Solar System. 

The Earth does not voyage alone, as do Venus and Mercury ; but, 
drawing the Moon after it, in its annual course, it is continually escorted 
by this faithful satellite. It is the first planet that rejoices in such a 
privilege. 

If the Earth be a body travelling through space, as do the muhitudes of 
those which people the heavens, it may be asked, under what aspect it 
appears to the nearest celestial bodies. This will evidently depend on the 
distance of the observer. 

The form of the Earth is that of a nearly spherical globe, of which 
one-half receives the light of the Sun, whilst the other half is plunged in 
gloom ; to a spectator who moves ik>m it gradually, it would appear 
under the form of a disk, gradually becoming more and more diminutive, 
but more and more luminous at the same time ; presenting phases like 
Mercury and Venus, according to the relative position of the Earth with 
regard to the spectator and the Sun. 

At the distance of the Moon, the Eartli will be seen under the form of 
a luminous disk, sprinkled with spots, the bright ones marking the conti- 
nents and islands, and the snow and ice of the poles ; the darker ones 
indicating the place of the seas; but besides these permanent spots, variable 
and movable ones would be distinguished, produced by the cloudy strata 
of the atmosphere. 
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Its apparent diaTneter woiald be nearly four times that of tKe Moon, so 
that, BKeii at the lull, tliB Earth would shine like thirteen united full moons. 
At about lour times the dibtance of our satellite, the terrestrial globe 
would '■till seem as Urge as the latter. But aa the Bpcctator moved u\vi\y 
hy de£,reeH, thi, diHmetcr of the disk would diminish, and would cud by 




becoming insensible. Tbe Earlh would then shine in the heavens like a 

These statements of Science regarding (he form of our globe, and its 
real dimensions,— -statements now familiar to every one, — are not based 
on simple analogies. Exact facts, which it is easy to verify, place the 
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rotundity of the Earth be\ u 1 d ul t d,i d ti ^oi metii \l «u vejs i 
extreme precision have deteiaiiued its true dimensions Let ui. dwell an 
instant on these different pou ts 

It is well known that the h>riz')n of a plain pre entt the foini I a 
circle, surrounding the obser\er If the latter moves the circle movea 
also, but its form remains the same and is modified only 'v\hen mountains 
or other ohstacles of some ele\ation limit the view Out at sea the 
circular form of the honz n is still more deaded and cl Wges onl> iieai 
the coasts, the outline of which hreaks *he iegularit\ 

Here, then, we obtain a fiitt notion of the rotinditv cf the Earth 
since a sphere is the only bodj which is presented always t us i nder the 
form of a circle, fixim whatevei esteuur point of view it i& examined. More 
over, it cannot he said that the horizon is formed by the limit of distinct 




Pig. 10.— CurratuteoflLeCojitma.ts. DoilioiiB i,f tlisB.nie plaMataifroioiitiillluidoii. 

vision, and that it is thi'i wliioh causes the apjiearance of a circular 
boundary, because the horizon is enlarged when we mount vertitally above 
the surface of the plain 

The preceding driwing in which a mountain is figured in the middle 
of a plain, whose unitorm curvature is that of a sphere, will prove our 
assertion. From the foot ot the mountam the spectator will have hut a 
very limited horizon Let him ascend half-way, bis visual radius 
extends, is inclined below the first horizon, and reveals a more extended 
circular area. At the snmmit of the monntain, the horizon still inereasea, 
and if the atmosphere be pure, the spectator will see numerous objects 
appear, where from the lower stations the shy alone was visible. 

This extension of the horizon would be inexplicable if the Earlh had 
the form of an extended plane. 

The curvature of the surface of the sea manifests itself in a still more 
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fltriliing manner, Suppoae yourself on the coast, at the summit of a high 
towey, hill, or steep, rocky shore ; a vessel appears on the horizon, you see 
only the tops of the masts, the highest sails ; the lower sails and the hull 
are invisible. As the vessel approa^hee, its lower part comes into view 
above the horizon, and soon it appears entire (flff. 41). 




This fact cf the siPte sivp ajpeaianLes n the sHrfiee ot the ' 
the difterent ptrta ot an :>bjer't begmninE; b^ the hifihest paita ot it i 
n the same manner to the sailors who fiom the sh [. observ 



Fig 4"— Curnturaofthesei 

the land Ihe expknation is rendeied cleai m the second «1 etch whpre 
tie couifce of a ve set aeea in ii file lo h^uied on the eome\ Miilite 

As the curvature of the ocean is the same in every direction, it follows 
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that the Earlli has i-eally the fjrm uf a sphere, or at least differs fiom it 
but httle. 

We may also meDtioa two proofs of another kind, which, like the 
preceding- ones, are more intereating as facta than aa element^ of con- 
viction, \^'ho could dfjubt at the present time of the rotundity of the 
Earth, and of its Buspension in space, after so many voyages of drcnmnavi- 
gation, after the daily testimony of the movement of the stars, setting on 
one side of the horizon, to reappear after twenty -four hours on the ojipoaite 
side ? These are the proofs. 

One of the stars of the nortliem heavens, — the Pole-star — we shall 
speak of it again suhsequently — remains nearly immovable, and at the 
same height in the heavens above tfie horizon of any given place. Kow, 
when we move towards the south, this star by degrees approaches the 
horizon ; whilst, on the other hand, it rises if we advance to the north. 

This is a fact which can be explained very natnrally by the convexity 
of the surface of the Earth, for if this change of height were held to he the 
result of a real approach of the traveller to, and removal from, the observed 
star, the known distance of the stars from the Earth shows that the 
displacement of the observer is, so to spaak, indefinitely small, compared 
to the distance of the star, and cannot in any way account for its apparent 
movement. Besides, if instead of walking from north to south, the observer 
travels from east to west, the Pole-star wiU always appear at the same 
point of the heavens as referred to the movable horizon, and at the same 
height above this horizon. But, in this case, it will be the hour of the 
rising and setting of the stars that will vary ; as should happen if the 
curvature of the terrestrial surface is in every direction ; and if, as indeed 
is known, our globe every day performs an entire rotation ronnd one of its 
diameters. 

We may announce, then, as a fact, demonstrated by experience and 
observation, that the Earth, in spite of the irregularities of its snrface, 
which seem to tis so considerable, is a spheroid, which, seen in space, 
appears aa well defined, regular and smooth, as 4he disks of the other 
planets. 

Some numbers relative to the real dimensions of the Earth will support 
these results, so astonishing to those, who, learning them for the first time, 
seek to figure them as so many real facts. But before we give them, we 
will state a little more exactly the form of the Earth, as determined by the 
rnost exact measures. Its form is not rigorously spherical ; the diameter 
or axis, ronnd which the movement of diurnal rotation is performed, is the 
smaller diameter. Our globe, then, is flattened at the poles, that is to 
say, at the extremities of the axis. The existence of this flattening has 
been determined in the following manner. 

Let us consider a meridian, one of the ideal curved lines, indefinite in 
number, which encircle the Earth, each one passing through the two poles. 
If the earth were exactly spherical, each meridian would be a circle, that 
is, if we leave out of consideration the irregularities of the Earth's surface 
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On this hypothesis, the successive verficals which, from the Equator to the 
Pole, would fonsi between themselves equal angles — an angle of one 
degree, for instance, — would be equally distant the one from the other. 
The distances between the feet of the vertieala on the surface of the earth, 
■would be expressed by equal numbers. 

Observation contradicts this supposition, and it has been found that 
the length of the auccesaive degrees of the meridian increases, in a con- 
tinuous manner, from the Equator to the Pole.* 




The following tabic shows the differences of length of the arcs of n 
degree, measured in the northern hemisphere of the Earth, at increasing 
latitudes, that is to say, at gradually increasing distances from the 
Equator ; 

Mean Latitude Length of one 

.>fArc. Degree ill English 

la" :n' ao" 






m ao 10 





aH3,U44 




3fi3,7H« 




»»4,aii3 




364,573 




86i,«&l 




3(13.087 




3(i5,aiH 




3fi5,741 



■ It 11 easy to see from fig. 43, that tlie meridian oaght, in fnct, to present really 
the form of an ellipse or oval, the greater dinmeter of which termiuates in the, equa- 
tor, and tVje smntler in the two poles. In sneh a curve, the curvature is the more 
strongly marked, as we consider the arcs nearest the major axia. We shall then 
require to traverse a shorter distance nearer the Equator to find the same angle tw- 
tween successive TerUcaU than we shall near i he poles. Bnt it is well to remark 
Ihat the flattening ig much exaggerated in the drawing. 
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The 1 ft rences ire un atal,able an 1 he r con an y ] u a tl a t f 
the polar flat en ng q te hevond dunbt But tl e r relative I ne s ^ 
there is oul a 1 ff renee of - b8 feet hetieen the extreme la u es — 
proves tl at the compress on s in tr th ver\ sn all a n a be p o ei bj 
eompar na; the length of the e^ ator al 1 an e er anl the p la e 
deduced fron the p eced nt, dita 

Fquatt al nn 4 4 

Poar = 1 S71 

Thus, if we represent the Earth by a sphere, a yard in diameter, the 
polar diameter will he about the T'oth part of an inch too long. 

[But this is not all. The most recent results arrived at by geodesists 
have taught ns that the Earth is not quite truly reiireaented by an orange, 
at all events, unless the orange be slightly squeezed, /or the equatorial 
circumference is not a ^rfect circle, but nn dlipte, the larger and shorter 
equatorial diameters being respectively 41,852,864 and 41.843,8i*6 feet. 
That ia to eay, the equatorial diameter which pierces the Earth from 
longitude 14° 23' east, to 1U4° 23' east of Greenwich, is two miles 
longer than that at right angles to it.*] 

What then, on this scale, are the irregularities produced by the 
mountains and valleys ; what the depth of the seas ? The calculation is 
easy ; Kunchinjinga and Gaurisadkar, the giants of the Himalayan range, 
thehighest known mountains of onr globe, would only be elevated above 
the surface of a aphere of this size the ;;nVrr'h part of its diameter; Mont 
Blanc, about half as mnch. In chains of moimtains of ordinary elevations, 
the hills and valleys would be unnoticeable. The greatest depth of the 
ocean would but indent the surface about T^'^nn*^ "^^^ i"*'^- Fig. 44 
shows on a larger scale the relative dimensions of the height of the mount- 
ains, of the depth of the ocean, and the presumed thickness of the teires- 
trial crust. To obtain these dimensions, we have given the terrestrial 
globe a diameter of fourteen yards. 

The inequalities of the surface of the Earth have often been compared 
to the roughness of the skin of an orange. It will be seen by the preced- 
ing statements how exaggerated this comparison is. Our globe, reduced 
to the dimensions of an orange, would not present to the naked eye any 
trace of projection or of depression, nor would the flattening be perceptible 
unlesi to a practised eye. 

The study of the structure of the Earth — the configurations of its surface, 
its watercourses and seas, the geological constitution of its crust, and of 
the interior nucleus which composes it — presents the highest possible 
degree of interest, but its consideration would be out of place in the 
present volume. 

We will onlv refer to the opinion, now generally entertained of its 

• iUeio. Koj. Ast. Soc vol. xsils: 1800. 
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primilive fluidity ; because this hypothesia has Its aBtronomieal confirma- 
tion in tlie ellipticity wiicli lias been detected. It can be demonstrated 
by the lawsof mechaiiice, that a fluid mass, animated by a movement of 
rotation, tends to take the form of a spheroid, flattened at the extremities of 
the axis around wliich the movement is effected. 

Among the planets which we have still to explore, we shall find many 
which assume, hke the Earth, a spheroidal form, but with a mnch more 
considerable flattening at their poles. Now, their movement of rotation is 
much more rapid. 

One word more on the form and dimensions of the Earth, 

We shall be able to form an idea of the curvature of the surface of 

the globe over a hmited extent of country, from the following facts : A 

bo starts on a journey from a given place, di scende more and 

V fbf iLin-izMii ol' lliat liliiai. When he shall hnvo traversed a 




degree (69-^ miles), he will actually be more than a thousand yards below 
the horizon-plane of the point of departure, disregarding differences of 
level proceeding from irregularities of surface. The horizon of Paris, 
prolonged as far as Marseilles, would pass above that town at a height of 
over 18 miles. 

By reason of the flattening of the poles, the circumference of a meridian 
is shorter than that of the Eqnator by nearly 42 miles. 

It follows from the preceding numbers, Ibat the surface of the Earth 
contains about 1 96,626,000 square miles. Of this immense surface the 
oceans embrace more than three-quarters; the remainder comprises the 
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THE EARTB. 60 

eoiitinents an^ islands. It is not a little curioua that one hemisphere 
of the tetreBtrial globe corapriiBes the laud, whUst the other hemisphew 
is nearly entirely ocenpied by water. If we adjust n globe in such a 
way that London wonld oecupy the centre of Che visible hemisphere, 
and place it at some distance from the eye, we shall see on the hemisphere 
turned towards ns the whole of Europe, Asia, Africa, North America, 
and part of South America. If we place ourselves on the opposite side, 
with our antipodes in the centre, we shall see a hemisphere, with the 
exception of New Holland and the lower point of Southern America, 
nearly entirely covered by the ocean, only here and there scattered with 
islands. 

The figures in Plate V give an idea' of the distribution of the solid 
and liquid portions of the terrestrial surface. 

If, from tlie measures of the surface of the globe, we pass to those of 
its volume and weight, we arrive at numbers of which it is extremely 
difficult to form a definite idea, so much are they beyond our ordinary 
notions. 

But we can conceive a ctibic volume of which the length, breadth, and 
height, are each one mile — this we call a cubic mile ; of such cubes our 
globe contains 259,800,000,0001 Experiments and calculations, into the 
details of which we cannot enter ia this place, have taught ua the mean 
density of the materials of which our Earth is composed : we say mean, 
density, because the density varies in different strata. [And, moreover, 
the solid cruet may not extend to the centre.] This mean density then ia 
such that the Earth weighs 6-^ times more than an equal volume of water 
would do. 

Hence we have been able, as it were, to weigh the Earth, and we have 
found that it weighs 6,0(59,000,000,000,000,000,000 tons ! This is ex- 
clusive of the weight of the air. Does then the air weigh anything ? Yes ; 
if we suppose it to extend only 37 miles [and we have positive proof that it 
extends much higher], it will weigh S, 178,000,000,000,000 tons ; this how- 
ever, is, after all, less than the millionth part of the weight of the Earth. 

Such are the dimensions, such is the mass of the planet which serves 
us as a dwelling-place. What in comparison, and considered merely from 
a material point of view, are the works of man both individually and 
collectively ? 

Nevertheless, this sphere which appears to ua bo colossal, must, after 
all, be classed only among the smaller planets of our system, and is but a 
grain of sand compared with our central Sun, and a mere point lost in the 
immensity of the space comprised within the limits of our system. What 
idea then shall we have of the infinity of space, when, leaving our own 
system behind, as we shall shortly do, we shall see that even that entire 
system is but an atom of the Visible Universe ? 

We have just spoken of the total weight of the atmosphere : this is a 
point of mere curiosity. But the pressure which this fluid mass exercises 
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so 



<in every incli. of snrface, on organised beings which ai 
move in it, on liquids and vapours, is of extreme import! 
life and to the physical conditions nnder which life is possible. The den- 
sity of the atmosphere, the law of decrease of this density, both in the 
lower and upper strata, are so many facts which have an intimate relation- 
ship \vith the temperature of the surface at different altitndeB, viith climate, 
and consequently with the distribation of animal and vegetable life on the 
surface of our giohe. 

Moreover, there is a relationship no 
tution of the gaseo'js envelope in which 
solar rays traverse it. 

Every one knows that a luminous ray proce 
it traverses a homogeneous medium, that is to sa; 
The object which this luminous ray brings to 
ciimstances is exactly where it appears to be. 



s decided between the eonsti- 
live, and the way iu which the 

iroceeds in r straight line when 
;0 6ay, one of unvarying density, 
■ under these cir- 




If on the otl er hand bef re it reaches ns, the luminous ray has to 
tri erse mel a of d ffe ent densities, obliquely, each change of density 
makes t lev ife from ts d ect rente ; and when it reaches the eye, the 
total deviation causes the object not to appear in the true direction which 
-it occupies. Its apparent position does not then indicate its real position. 
This phenomenon of deviation takes place in the atmosphere, and is 
called almoiplieric refraction. The importance of a proper Itnowledge of 
refraction in astronomical observations will be undei'stood when we state 
that all celestial bodies are thns more or less displaced t the error resulting 
from this displacement is not the same in every part of the celestial vault ; 
it is much more considerable when the strata traversed are thicker, or are 
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presented (ibliti«ely to the luminous rays ; in other worda, when the object 
observed is near the horizon. 

The lii^ht proceeding from all celestial bodies in all their positiona, 
therefore, is refracted unequally, and the efieet of refraction is to make them 
appear higher than they really are ; to place them nearer the zenith. 

Hence followa a rather curious fact, namely, that the entire disks of the 
Sun or Jloon remain still visible when they are mathematically set, that is 
to Bay, when they are really below the plane of the horizon. The duration 
of the day is then increased by refraction. The same phenomenon, ot 
course, occurs both morning and evening, 

Eefraotion still prolongs the day, even when the Son has actually 
disappeared ; the upper strata of the atmosphere are still illuminated, when 
the surface of the Earth is already in shade. They reflect earthwards a 
portion of this light, and by this means it is that the night passes into 
day, and day into night, by impereeptihle gradations. Such ia the cause 
of the morning and evening twiHght. In fine, the duration of dawn and 
twilight varies according to the seasons and latitadea. 

Not only is the apparent position of bodies altered by the refraction of 
the atmosphere,* bnt for the same reason, the form of thoae with large 
disks, as the Sun and Moon, is modified. Refraction, the intensity ot 
which, as we have seen, increasea as it approaches nearer the horizon, 
affects the lower limbs of these luminaries more strongly than it does the 
upper ones, so that the body, already flattened in its upper half, is still 
more so in the lower one. The sea-view represented in fig. 46 represents 
this curious phenomenon, which can be seen inlanct as well as at sea, at 
both the rising and setting of the San and Moon. Sometimea this defor- 
mation of the solar and lunar disks is far from presenting the regularity 
and symmetry which are seen in our drawing. The irregularities in the 
density of the lower strata of the air make the body appear under the most 
curious aspects, 

[Keoent reaearchea into the action of the light-rays of the Sunbeam 
have made us acquainted with another class of facts of the utmost value to 
physical astronomers, as bearing upon the atmospheres of our aister Planets. 
Indeed, the more we stndy the marvellous mechanism of our own atmo- 
sphere, its manipulation, so to apeak, of sunshine, the reinforcing, tempering 
and economising power it poaseasea by reason of the aqueous vapours which 
it contains, the more we see that, in spite of many ideaa which it will be 
our duty to lay before our readers, it is not impossible that the actual heat 
experienced on the surfaces of all our Planets may be vastly different from 



* Tables of corrections have been calculated for different heights. These tables 
enable us to find ihe true position of a celestial body, when the apparent position is 
known by observation. Nevarlhelesa astronomevs avoid observing too near the 
horizon, and wait until the body, by virtue of its diuraal motion, haa atlMoed its 
mfiximum height, at the moment of culmination, or of the upper transit of the 
tuei'idian as it is called. 
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that to which they would he apparently entitled taking only their distance 
from the Sun into account. It has been proved that the heat whicli the 
Eat-th receives from the Sun is prevented from passmg away ^igaiu into 
space so rapidly as it otherwise would, by the aqueous vapour present in 
the atmosphere. Hence, thougb the proportion of heat received at Mercury, 
Venus, Jupiter, and Saturn, must correspond to theu- distance from the 
Sun, yet their atmospheres may he so constituted that tke amount of heat 
actually retained may not greatly exceed or fall short of that which we 
enjoy. How far the excess or deficiency of direct heat may thus be com- 
pensated has not yet been demonstrated.] 




Let UB add, in concluding oui notice of the itmospheie with \\!iich 
our planet IS sui rounded that bv diffusing on all aide* the hght tt the 
Sun it mteiposes a bngbt curtain between the celestial bodies and the 
Eaith whii-h durmg the day ^eils as it were the stairs \ault as the 
staia are not sufBciently bright in comparison to it.main visible Without 
tho diffused light the flk^, instead of pi-'sentmo: thit aznre tint v\h ch we 
all Inow so well, would assume the appeaiance of a black giound on 
which the stars would appear and shine in Isroad daylight as they do 
w hen a solar eclipse cuts off the source uf its diffused hght. 
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V. 

THE EARTH. 



Apparent Diurnal Movement of the Stars find San— Real Rutniion nf tlie Enith--- 
The difftrBoee between Sidereal and Solar Dayis — The Kapiditj ol the i^nrili's 
Botatiun varies with ibe Latitude. 

Mercubv, VenuB, and the Sun, the three celestial bodies the inovement 
of which we have studied, each turns round one of their diameters ; tbib is 
a phenomenon which seems general ; and it has, in fact, been observed in 
all the bodies near enough and large enough to permit of their surface- 
markings being observed from the Earth. 

The rotatory movement of the Earth was established before that of 
any of the other celestial bodies, and no one at the present time i* igno- 
rant of the manner in which it daily manifests itself to us. 

At an hour of the morning, which varies according to the seasons, the 
Sun is seen to appear on the eastern horizon. By degrees it rises, its disk 
becomes entirely visible, and mounts gradually in the sky. At noon it 
readies the highest point of its course ; it then commences its downwai-d 
conrse, deBcribiug in the second half of the day an arc symmetrical to the 
first ; it then seta, and finally disappears in the evening in the west. X\\e 
rotation of the Earth is thus shown during the day. 

During the night the stars accomplish the same apparent movement. 
The entire heavens seem then to possess a movement of rotation, which 
always takes place from east to west round a line of constant ditection, to 
which aftronomers give the name of Axis of tlie World. This is no other 
than the axis of the Earth. 

It was I'or some time imagined that the heavens themselves actually 
revolved in this direction ; but in fact, it is our Earth which rotates in a 
contrary one, that is to say, from west to east, w ith an uniform movement, 
the duration of which for each rotation is a little less than hiur-and- 
twenty hours. Since the time of Cuperuicns and Galileo, the tact of the 
rotation of the Earth, demonstrated beyond all contradiction, has been 
universally admitted, as well as its annua] translation ronnd the Sun ; but 
it is none the less true now, that there is still in some nnnds a singular 
confusion, arising from the fact that they cannot distinguish clearly 
between these two movements. 

The rotation of the Earth, let us repeat, is a daily or diurnal move- 
ment, which is accomplished in about twenty-four hours, atid which 
produces, besides an apparent revolution of the entire celestial vault, the 
a of day and night. 

'y of this diurnal rotation, the Earth has a movement in 
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epace, dejci'ibing round the Sun 111 e all tlie other planets a neailj cir 
cular onvve or orbit. This ino\etnent of translation gi^e use tj the 
year and the seasons, but it does not cause the apparent duirnal revolution 
of the starry sphere, nor the succe^Bioa ot days an I niijlita it onl\ moil 
fies their relative length, as wiU be seen in the sequeL 

Let us return to the Earth's movement of.rotation. 

"VVe have before seen, that this movement is Tiniforin ; that is to say, 
its angular velocity ia constant. The proof of tliis uniformity ia easy, aud 
s have satisfied themselves about it by measuring the length of 




Pig. ii".— OoDipatallf 6 lenf-th of tlie slderaol and solor day 

the arcs described in the same time liy different stars. These arcs always 
measure, an equal number of degrees. If we note with precision tlie 
interval of time which elapses between two consecutive passages (or 
tramiU, as they ore called) of the same star over the meridian of a place 
from night to night — between two successive culminations* — we shall 
know the exact length of an entire rotation. 

It has thus been found to he about twenty-three hours fifty-six minutes. 

This interval of time has received the name of a sidereal dai/,-\ whilst 

* AHtionomerB cell the verlioal plane whioh passes through the north and south 
points of tlie hoiizon of a pliifle, indefinitely prolonged into space, the meridian of 
that place. When a star passes the meridian it is attheMgliastpointof its apparent 
dinmal course. Hence the name cif™iiiiitmtioniagiTen to this passage (or transit). 

f The sidereal dny is di-rided, like the solar da)',inn) twenty-four hours. Sidereal 
and solar hours are divided into sidereal and solar minutes respeotiTely, and 90 on; 
of this mtii-e prcsemly. 
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the term xolar day is reserved for the interval of time which elapses 
between two succesBive passages of the Sun over the meridian ; this secoml 
interval is about four minutes longer than the first. 

Between the solar day and the sidereal day there is a fundamental 
difference, — that of length. There ia another not less important ; whilst 
the length of the sidereal day is invariable, that of the solar day varies 
throughout the year.* 

We must linger soioewhat on the fundamental fact that the sidereal 
day is shorter than the solar one, as it is a fact which follows from the 
annua! revolution of the Sun, and in truth is oilo of the best proofs of its 
existence. This proof is rendered evident by fig. 47, 

We there see the Earth in two positions in its orbit, positions which 
we wiD suppose separated one from the other, by an interval of a sidereal 
day ; that is to say, by an entire rotation. 

In the first of these positions — that on the left, the meridian S 
passes on one side through the Sun ; it is noon for the parts of the Earth 
situated along this meridian in the illuminated hemisphere ; on the opposite 
side it passes, let us say, through some particular star ; it is midnight on 
that part of the Earth, situated along this meridian in the dark hemisphere. 

Let us imagine an entire rotation aeeomplished, while ohp planet is 
travelling along its orbit. What will happen ? This, namely, that the 
meridian considered in its first position, after having rotated round the 
Earth's axis, is again parallel to that position, so tiiat if the Earth had 
remained fixed in apace, the Sun and stars would reappear at the same time 
in the meridian ; the sidereal day would have been of tJiS' same length as 
the solar day. 

But the Earth is not so fixed, she has travelled onward to another 
point. The star, because it is situated at an infinite distance, is again 
found, after a complete rotation, in the meridian, which, on the illumi- 
nated side, no longer passes through the Sun. It is clear from the figure, 
that the Earth must still describe a fraction of its movement of rotation, 
in order to bring the meridian we have lettered S 0, again to the Sun. 

Thus, the difference in the length of the diurnal rotation of the Earth, 
and of the solar day, is explained by the annual revolution of out globe 
round the Sun, which is thus proved geometrically. 

* Hnoce it is that astronomerH, with a view oi obtaining a eoriveiiient and uni- 
fofm meagre of tim«, have recourse ta e. mean taiar day ,Xii6 lesgth of which is equai 
to the mean or average of all the apparent solar days in a year. An imagioiirj Sun, 
cilled the 'Mean Sun,' is conceived to move uniformly witb the real Sun's mean 
(or averse) motion, and the interval between the d^artore of the mean Sno from a 
meridian, and its succeeding return to it, is the duration of the mean solAr day. 
Clocks and chronometers are adjasted to mean solar time, $o that a Romplete revo- 
lution (through twenty-four hours) of the honr-hand shall be performed in eiaotly 
the same interval as the revolution of the Earth en its. fas with Tespect to the 
mean Sub. 

As the time deduced from observation of the true San ia called 'true' or 
'apparent' time, so the time deduced fmm the raran Sliii, or indicated bj the 
machines which lepvesent its motion, is denominated 'mean time.' 
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Since the Karth has the form of a sphere, and turns with an uniform 
angular velocity round an ideal line of invariable direction, there ought to 
result from this movement different rates of movement for the various 
points of its surface. 

At the two poles this velocity is nil : but from the poles to the 
Eqnator it increases constantly, as the radii of the drcles described by the 
different points along a meridian, — or, in other words, the distance from 
the axis of rotation, — increase as these points are nearer the Eqnator. 

In twenty-fonr hours, the circle deeerihed hy a part of the globe, 
situated iai the latitude, of Paris, is entirely traversed, as is that parallel to 
it, in the latitude of Reikiawitz in Iceland, or, finally, in the latitude of 
Quito on the Eqnator itself. These circles are of very different lengths. 
Hence veiy unequal real velocities. These velocities are, at Eeikiawitz, 
221 yards ; at Paris, 333 yards ; and at Quito {on the Equator), 507 
yards a second ; or 460,682 and 1038 miles an hour respectively. 

How is it then, that, carried with such rapidity, we do not onraelves 
perceive our movement? It is because the entire bulk of the Earth, 
atmosphere, and clouds, participate in the movement.* 

This constant velocity, with which all bodies situated on the sui-face of 
the Earth are animated, would he the cause of tlie most terrible and gene- 
ral catastrophe ttat could be imagined, if, by any possibility, the rotation 
of the Earth were abruptly to cease. Such an event would be the pre- 
cursor ofa most sweeping destruction of all oi^anised beings. 

But the constancy of the laws of nature permits us to contemplate such 
a catastrophe without fear. It is demonstrated that the iwsition of the 
poles of rotation on the surface of the Earth is invariable. It has also 
been asked whether the velocity of the Earth's rotation has changed, or, 
which comes to the same thing, if the length of the sidereal day and that 
of the solar day deduced from it have varied within the historical period ? 
Laplace has replied to this question, and his demonstration shows that it 
has not varied the one hundredth of a second during the last two thousand 
years. 

"Who wft9 thatingmioneioventorwho, seriously or otiierwise, suggested that we 
slioiiM utilise the Earth's rotation aa the mosc rapid mode of locomotion at once 
the most simple and eoonomieal that could be conceived ? This was to be accom- 
plished by risiag, in a balloon for instance, to a height inaccessible to aerial currents. 
Then the balloon, remaining immovable in this calm region, would simply awaii the 
moment when the Eartli, rotating nndei'ueatfa, would praBentthe place of destina- 
tionfo the eyes of the trsTellers, who would then descend. A well-r^ulated watch, 
and an exact knowledge of longitudes, would thus render possible travelling from 
east to wpst, nil voyages troin north to south, orft'om south to north, naturally being 
interdioted. This suggestjon has only one fault ; it supposes that the atmospheric 
stiata do not participate in the movement of rotation of the solid part of the globe. 

The inventor did not remark that on the hypothesis of an immovable atmo- 
sphere, while we rotate at London with a velocity of 333 vards a second, there would 
resnlta wind in the contrary direction ten times more violent than the most terrible 
bun^cane. Is not the absence of such a state of things a convincing experimental 
proof of tJie participation of the atmospheric envelops in the general movement ? 
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VI. 

THE EARTH, 

REVOLiraiOK EOOKD TEE SUN. 

The Year— Dimensions of the Earth's Orbit— The Seasons— Difference in the 
Length of Days and Nights, according to the Seasons and Latitudes — Zones 
and Climates. 

The movement of the EartL on its axis manifests itself to us, as we have 
seen, by an apparent revolution of the whole heavens in the space of a day. 

By a similar illosion, the Sun seems to describe in a year, roimd our 
planet, an orhit, which, in reality, is traversed by the Earth round the Bxm. 

The exact time of this revolution, in mean solar days, is 3(i5 days 6 
hours 9 minutes 10 seconds and 75 hundredths of a second In. this 
interval of time, the Earth seta out from one part of its oihit tiavellm^ m 
a direction from right to left, or from west to eaat, and legams the point 
of departure ; accomplishing thus, without end, and always in the same 
manner, its movement of translation. 

This orbit is not a circle, but an eUipae, of which the Sun oi mpies one 
focus. The mean radius of the orbit, that is to say, the mean distance of 
the Sun from the Earth, measures 95,298,000 miles. 

The velocity of the Earth's passage along this immense curve is vari- 
able, but its average rate is 33,290 yards a second, or 68,000 miles an 
hotir. So that, we not only rotate every instant, describing arcs round the 
terrestrial axis, the length of which, varying with the latitude, may reach 
as high as 600 yards a second ; but we are again carried through space 
with a velocity which exceeds 19 miles a second. 

If we contemplate the dimensions of the globe and the enormous mass 
of the Earth, the imagination will he confounded in the presence of the 
gigantic ball, which glides through space with such rapidity. 

A calculation of two contemporary philosophers, Helmholtz and Mayer, 
will perhaps give an idea of the prodigious movement which impels our 
globe. These physicists have endeavoured to ascertain what amount of 
heat would be developed by the abrupt stoppage of the Earth in its orbit. 
They have found that this heat would suffice to melt the entire globe, and 
to reduce a great portion of it to a state of vapour. 

If it be true that the Earth moves thus around the Sun relatively 
fixed, in proportion as she travels in one direction along a certain portion 
of her orbit, the Sun itself will seem to describe an equal arc in a contrary 
direction when we consider the arcs described separately ; but if we com- 
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pare, in fig. 48, tlie real curve described by tie Earth with the apparent 
one deacribed by the Sun, we shall see that the directions are the same. 
So that, as the proper movement of the Sun, which causes the delay of its 
passage across the meridian, or, what is the same thing, the inequality of 
the solar and sidereal clays, takes place from west to east, the real movement 
of the Earth is also effected in the same direction. It is for want of 
comprehending this, that some authors with rather imaginative minds have 
cried out against the fallacies of asti-onomers. 

The Sun, then, must move each instant across the starry vault of the 
heavens, and its centre will coincide from day to day with different stars. 
During the day this displacement is not perceptible when no exact measure 
of the position of the Snn is taken. But we need only i-ecognise that, 
corresponding with the displacement of the Sun during the day, there 
must he an analogous movement of the heavens during the night, to 



Fi(f,*S.— IiealOi'bitofthsEinih,imdftppsteHtOrt)itoftlie Sim. 

comprehend that the aspect of the constellations must vary throughout 
the whole year. It ie in consequence of the translation of the Earth, that 
the heavens defile progressively over the horizon of any given place, or if 
not the whole heavens, at least that portion of them which are brought by 
the diurnal movement above that horizon. 

The length of the yeai', that is to say, of the interval of time which 
elapses between two successive passages of the Earth through the same 
point of its orbit, is about 3G5J mean solar days. How many entire 
rotations on its axis does our globe execute dniing that time ?— 8'3(j J ; in 
other words, if the number of the solar days of the year is 365^, the number 
of the sidereal days is exactly greater by unity. 

This is a direct consequence of the yearly revolution of the Earth, 
combined with its diurnal movement of rotation. The same phenomenon, 
which at first seems paradoxical, is produced in all the other planets, what- 
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ever the number of rotations aocompliBbed during a complete revolution 
rdunA the Sun, and whatever the durations of tteir sidereal and solar days. 

Let ua recall the fact that after an entire rotation, the Hun, which at 
the point of departure passed the meridian at the same time as a given 
star, lags behind about foar minutes. At the following rotation there is 
further delay, which is added to the preceding one ; and so on, nntil the 
annnal revolntion being tenninated, matters aie found In the same state as 
at the beginning. Now, if in order to retuin to a eoinoidence of the Sun 
with the star which serves as o means of comparison, the Earth has effected 
36fi rotations on its axis, the star will have passed 366 times over the 
meridian, whilst the Snn, exactly behind one transit, will have returned 
to the meridian once less, that is to say, only 86S times. 

Let us now pass to other phenomena of great interest to the inhabitants 
of the Earth, — phenomena which have their source in the double move- 
ment ot our planet. 

From one day to another, the inhabitants of the same place — let us 
rather say the inhabitants of the same latitude — see the Sun ascend above 
the horizon to variable heights. The pomts in the east and west, where 
the radiant body rises and sets, change their places; the Sun at noon 
attains a greater or less altitude, and, the length of its doUy sojourn above 
the horizon gives to the days and nights their variable and unequal 
lengths: hence different temperatures and diversified climatic conditions; 
hence, the Seasons. On the other hand, these conditions themselves change, 
not only iu both hemispheres of the Earth, but even in the same hemi- 
sphere, according to the latitude of the place considered. Hence, climate, 
frigid BOues with long days and nights, temperate zones, torrid zones, and 
the recions nearest to the equator, which have each year two summers and 
two winteis aid where the lei gth cf the da j is alva\^ ejual t that of 
the nij-ht. 

The aatronomcal reason of all these pi enompna lesti in the simil 
taneous nioveme ts i the E ith Bit there is a circumstnuce which 
influences then succession m a dominant nianiei and a which we mist 
now fix om attention 

Let us glance at Plate \ which represents the ilit of the Eirth and 
the position f our planet m a anout pomts of it We ihall ee that the 
axis of rotation 11 neithei perp ndic ilir to the plane m which the orbit lies 
nor in this plane hut that it forms with it a certain an^le {66° 52' i2f ) 
nearly equal tj two thuds ot a nght angle This inchnation is constant 
during the whole year or at least ^ nes only between \ei\ small limits 
besides this the axis always lemams parallel to tselt It is the par'illehsm 
of the axis which accounts for the nearly invanable position of the celestial 
pole above the horizon in each locality, pro\ided we bear in mind the 
nearly infiuite distance of the stars from the Eaith. 

Among all the positions which the Earth occupiei in its orbit, there 
are ioar ptincijial ones, dianietriually op]iuspii, in pans, which influence in 
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a moat important manner the i-elative lengths of day and liiglif, and tlie 
seasons ; these are tke two eijmnoxes and the two solstices. 

Here are the order and dates of their Buccession : 

Towards the 21st of March, the Earth is at the first of these points, 
called the Spring Equinox ; then comes the Summer Solstice, ahout the 
21et of June ; the Autumnal Equinox, near the 22nd of Septemhei- ; and, 
lastly, the Winter Solstice, which generally falls on the 21st of December, 
Each of these points marlts the commencement of the season after which it 
is named. The pi-ecise epochs of these four fnndamental portions vary 
each year, but within a somewhat restricted limit, as may be seen from the 
following table : — 

COMHENCEMENT OF THE FoUB SEASONS. 





1805. 


1804. 


SpRIHfi . . 


. March 30, »>■ W'« a.m. . 


. March 30, %<• 15- p.t 


Summer . . 


. Jnneai, 6 25 a.m. . 


. Jiico 31, 10 55 a.ii 




. Sept. aa, 7 1 p.m. . 


. Sept. aa, 1 8 a.n 


WlNTEB '. '■ 


. Dec. 31, 1 13 p.m. . 


. Dee. ai, 6 59 p.t 



When the Earth is at one or the other of the equinoxes, the plane of 
the Equator prolonged passes precisely through the centre of the Sun. 
The two poles of the planet are then symmetrically placed with regard to 
the radiant body, and the circle of separation of the illuminated hemisphere 
and the dark hemisphere Mes in a meridian. 

It results from this particular position, that each part of the Earth, 
whatever its latitude, describes half its daily journey imposed on it by the 
Earth's rotation in shade, and half in sunshine. Fig. 49 will explain this- 

Thns, at the time of the equinoxes, the length of the day ia equal to 
that of the night all over the world. The Sun remains twelve hours above 
tlie horizon of eacli place, and twelve hours below it. 

From the spring equinox to the summer solstice, the Earth traverses 
the portion of its orbit which corresponds to the montha of April, May, 
and June. Its axis remaining always parallel to itself, one of its poles, — 
the Korth Pole, — is tamed more and more towards the Sun; during 
the same period, the South Pole, on the contrary, is turned more and 
more away from it The day and night become more and more unequal 
in length, and this inequality attains its maximum towards the 2lst of 
June (fig. 50). 

The circle of separation of sunshine and shade having travelled farther 
from the Pole, it follows that the lengths of the nights of the northern 
hemisphere has continuously decreased ; the day, on the contrary, increasing, 
and in much greater proportion as the places are more distant from the 
equator. 

The southern hemisphere has, during this period, experienced inverse 
phenomena ; at the equator only has the day continued to be equal with 
tte nig-ht. 

From the 21st of June to the 22nd of September, the Earth passes 
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from tKe Bummer solstice to the autmnnal equinox. During the second 
period, the North Pole is turned towards tte Sun, while the South Pole 
remains plunged in darbneaa ; the alternations of day and night present, 
in inverse order, during the summer the same phenomena as during the 
spring. 

Thns, for aix months, the regions near the Horth Pole have con- 
tinually seen the Sun above the horizon, thoae of the South Pole have 
always had it below. Hence, in their icy deserts, here a day of six 
months, there a night of sis months, tempered, it ia true, hy a continual 
twilight. During each twenty-four hours, in consequence of the diurnal 
rotation, the Bun thus describes a curve, which grazes the horizon, though 




Fig 9— Tht Ea 



.ndligli V 



not quitepaiallel to it de'.crii ms; a double spiial i\hich n^es conatanth 
until the 20th of June and altera ards descends to the beginning ol lutumn 

If the course of the Earth dunni;^ one half of the ^ ear has been well 
understood it wiU be easilj seen how, during the other half similar 
phenomena will oocui m svmmetncallv averse order At the autumnal 
equinox we shall have equal cla> s and n^hts thronghoiit the Earth The 
antiimn and winter of the northern hemisphere will be the spimg and 
summer of the southern one The same differences in the rehtive lengths 
ot mjrht and day ^m11 also be presented the onl\ difterence arising trim 
the different leneth ot the coirespondmg seasons in the two hemispheies 

A word now on the inequality of seasons. 
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Lpt iTi oiiLP moie insi'ft upon tlie fact tiint the or^it of tlie Eaith i* 
not a cncle, lint an cllipae and tiiat the Sun is not m ita (,entre, is would, 
appear liom Plate VI, but m one of ita fooi Moie than this, the major 
axia of the ecliptic — which is tlie astronomicftl term for the orbit of the 
Earth — does not exactly paaa through the solatiteB In hg 51 their noa 
coinadent* his been purposely exaggerated 

We shall iramediatelj comprehend from an inspection of the diagram 
that winter ought to be the shortest, and aummer the longest, of the lour 
seasons the two other sea^ions are ot mteinipdnte lengths, 'Jpiing beini^ 
the longei of xhe two 

This would lie true, owing to the fut of the inequilitj of the ires 




day aiLd niglit. 

if the Earth tra\el]ed with a constant velocity over 
every portion of its orbit. But the inequality is largely increased from 
another cause. 

We shall see in the sequel, that every planet moves round the Sun 
with variable velocities, and more rapidly as it approaches the common 
focus. The Earth, therefore, moves less quicltly during the aummer 
season of the northern hemisphere than during the winter season, and this 
again contributes to increase the difference in their lengths. 

The mean durations of the eeasoia in the order in which we have 
epoken of them, are as follow : — 

Spring a-J-q' Antnmn .... m'-r' 
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The first two seasons, as do tlie two otliera, differ only but seven-tenths 
of a day, that is to say, 16 lioiirs 48 minutes. Eut the spring exceeds the 
autumn by 3 days 4 hours 48 minutes, and the aummer is longer than the 
winter by 4 days 14 hours and 24 minutes. 

At the extremities of the larger diameter (or 'major axis/ as it is 
cilled) of its orbit the Earth is nearest to and most distant from the Sun. 
It 18 at its ma-vimum distance, ov aphelion, in the first days of July, and 
lance, or perihelion, a few days after the winter 
rut the 'I'ft of December. 




Thus the Sun is farther from us during the spring and summer than 
during the autumn and winter of the northern hemisphere, a circumstance 
which proves that it is not to the decrease of the Sun's distance that we 
must attribute the increase of heat, or rather of temperature, of any given 
place on our hemisphere. 

During the northern spring and summer the Sun remains above the 
horizon of a place longer than in autumn and winter ; the length of the 
day exceeds more and more that of the night as the solstice is approached. 
That is the most important cause of the increase of temperature during tlie 
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summer months. Another cause, b p d h h h f 

the Sun above the horizon. The i 1 dnbdhhor Igl 
giver rises higher and higher from h m 1 j, k q I 

summer solstice, returning In inv \ f h m 1 i-e to 

the autumnal equinox. The rays 1 1 h d h d p 

the northern hemispMere traverse h ph 1 blq 1 h 

winter and autumn ; and the in j f h 1 d h 

greater when this obKqnity is less 1 ) I d I h 

smaller thiclmess of the atmospher rs d Be d f I 

the thicltness of the atmosphere f h q es h 1 1 q f 

which we speak is in itself a cans hj 1 1 d 1 1 1 I 1 

considerable. 

The pveeeding explanation appl h so h n 1 ph 1 

the seasons of autumn and wintei h h 1 P ^ 

mer are to us. And .ts the Sun h d Id fr h 

Earth, the intensity of the heat is gre 1 h te f 

the same hemisphere, the cold is i I h I g h 

thffle inequalities are compensated i h tempe i 

are nearly the same, both north ad h f h E 

We epealc here merely of the ] 1 m 1 fl 1 

out of the question the thousand lid 1 g wl 1 m y 

or arise ; the climate of a place bej, I fhmllF h 

point of view, it is also easy to comp h d why h m ra f 1 d 

cold do not fall exactly at the sol b m 1 1 m f J ly 

and January. From the 20th of J hEhldw ibh 

days of spring, continues to rece fmhS d ghl 
heat than it radiates during th h fs te pe h f 11 

increases. On the other hand, towdh 1 fDceb lEh 
already chilled by the long nights of the autumnal period, still continues to 
get colder, because it loses more heat during the night than it receives 
during the day. 

More than this, the seasons are very different for every point of the 
same hemisphere. From the equator to one or the other pole, we pass by 
imperceptible degrees from an intense heat to an extreme cold. On the 
surface of the globe, five zones or climates are distinguished, which succeed 
in the following order : 

The Torrid Zone, which oomprisea all the regions north and south of 
the equator, where the Sun is vertical twice a-year ; it is hounded by the 
tropics ia lat. 23° north and south. 

Two Temperate Zonei, which extend on either side the tropics to a 
latitude of 'Iti", To ail the countries comprised in these zones, the Sun 
never rises to the zenith, and the limit of its least meridional altitudes is 
comprised between 6(i° and the horizon. 

Lastly, two Frigid or GircumpoJar Zones. Within the limits of these 
zones the Sun descends to the horizoti and disappears eveu beueath it, here 
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for one day, tliere for six montlis. It never ri^fts to an altitncte greater 
than 46°, and at the pole itself the masiimira altitude is but talf thftt 
quantity. 

The superficial areas of these cranes are very unequal : the torrid zone 
emhracea iVo*^^ °^ ^^^ tiOtal surface of thai terrestrial spheroid; the two 
temperate zones, -ynVlis ; and, lastly, the two frigid zones, -j-g^ths. Thus 
the two temperate zones, the moat favourable to human iiabitation and to 
the development of civilised life, comprise more than half the extent of the 
Earth ; the frigid zones, which may almost be termed «n inhabitable, from 
a very small fraction. In these quantities both land and sea are included. 

The various phenomena which we have jnst considered depend directly 
upon the rotation of the Earth and its annual movement of translation in 
space. The length of this rotation, or of the sidereal day, the inclination 
and the parallelism of the axis, the duration of the year, the form of the 
orbit and its real dimensions, are so many elements which combine to 
produce them. If all, or some of them, were to change, the days and 
nights, the seasons and climates, would change also, and the oonseqnenoee 
which would result to the conditions of life on our planet would produce, 
either in the long run, or suddenly, the moat profound modifications and 
most considerable changes. 

We have already seen that the length of day has remained invariable 
during the historic period. The same may be said of the year. But if the 
form of the terrestrial orbit and the inclination of the axis of rotation vary 
imperceptibly, the periodical variability of these elements is confined 
within narrow limits, so that, except for unforeseen and improbable 
catastrophes, the astronomical conditions of our planet can be considered 
as invariable. The source of the iight and heat, and even of life, on our 
own globe, and on the otiier planets, no doubt, is being gradually dried 
up, but calculation has shown that millions of years must elapse before 
the gradual weakening of its rays can modify perceptibly our terrestrial 
climates. 

When we come to study the other members of our system, we shall 
soon find the must curious variety in the astronomical — -and therefore 
chmatic — conditions of each of them. Governed by identical laws, they, 
nevertheless, will present to us the most wonderful diversities, in the same 
manner as the organic tingdom constructed with a small number of 
simple elements on a plan, the unity of which is, day by day, becoming 
more evident, furnishes, nevertheless, to the intelligent admiration of man 
a considerable number of various substances, and a still more prodigious 
number of genera, species, and varieties. 
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VII. 

THE MOON. 

Phases of the Moon — Its Movement round the Earth — Dimensions and Distaiices; 
recent mensiires, Effect of Irradialjon in the Case of the Moon — Rotation— 
Rotation and Revoluldon performed in the sanie time — The Moon's Orbit always 
Concave to the Sun — The Moon's Rotation on ite Axis, 

Owing to its BuceeBEive and periodical appearances and disappearances, 
— the variety of form of its luminouB portion, and the varying illumina- 
tion due to its light, the Moon is certainly the body which above ali others 
gives the greatest diversity to the aspect of our nights. The white and 
soft light with which it inundates the landscape is fie delight of all those 
who are sensible to the beauties of nature ; poets have not failed to intro- 
duce it in their descriptions, and pwnfers in their pictures. But the absence 
or the presence of the Moon iu the starry vault is not less interesting to 
astronomers than to artists — to science th^n to poetiy. It is only from 
the astronomical point of view that we shall here speak of it. 

When the Moon shines in the heavens, when even she shows us a 
small part only of her illuminated side, the brightness of her hght effaces 
the smallest stars visible to the naked eye. The number of stars thus 
rendered invisible — put out as it were, is much more considerable as the 
Moon approaches the full ; then the glimmer of the Milky Way is lost in 
the diffused light of the atmosphere, and only the most brilliant stars 
remain perceptible to the unaided vision. Moreover, as the time during 
which the Moon ia visible, increases with its brightness, it soon becomes 
impossible for astronomers to make delicate observations, at least if they 
do not propose to study the Moon itself, or the more brilliant stars. 

Happily for observers, the Moon disappears periodically from the 
heavens, and thus restores to the celestial vault, when the air is clear and 
calm, all its splendour and magnificence. The great proximity of the 
Moon to the Earth, which it incessantly accompanies in its revelation 
round the Sun, makes it one of the most interesting among the celestial 
bodies. What can be, in fact, more ctirious than this little system in the 
vast system of the solar world ; this Earth, in miniature, perpetually 
executing round our globe a series of movements entirely simUar to 
those that our Earth ia turn performs round the Sun. Further on, when 
we shall see other planets, accompanied also by satellites, a'nd forming 
with some so many little systems, we shall more easily be able to 
appreciate the phenomena which these satellites present to observers 
situated in the primary body, if we in this place study those presented by 
our own Moon and Earth in detail. 

Let us begin with our satellite as it appears to the naked eye. 
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Two facta are known to every one ; first, that in an interval of twenty- 
nine or thirty days, the Moon is seen under a series of appearances which 
are called phases, which are reproduced periodically in the same order. 
Second, that it always presents the same face to the Earth, in ench a 
manner that we only see one of its hemispheres ; the other half of the lunar 
glote remwning for ever invisible to ns, 

Now, these two facta are proofs positive, that the Moon has two 
motions, one of revolution round the Earth, another of rotation on itself. 
Theae two movements, hy a curious coincidence, are made in the same 
interval of time. If we follow the Moon through the course of one of its 
revolutions, we shall be convinced of the reality of those movements, and 
of the fact, that they are both performed in the same time. 

We know that there ia a New Moon, when our satellite is invisible, 
both during the day and night. It then occupies in the heavens a place 
very near the Sun, presenting to ns its dark hemisphere ; for tiis reason, and 
because also it is lost in the splendour of the solar rays, it is invisible to us. 

About four days elapse between the disappearance of the Moon in the 
morning in the east, and its reappearance in the evening in the west, a 
little after the setting of the Sua ; the instant of new moon occurs precisely 
in the mid interval; after this epoch it gradually emerges from the Sun's 

We see it iirst {Plate VI) in the form of a very slender crescent, the 
convexity of which is turned towards && point below the horizon occupied 
by the Sun; at this time the obscure portion of the Moon's disk is seen 
very distinctly. The dehcate transparent tint which renders it visible is 
known under the name of Earth-shine, or lumiere cendr^e, and is due to 
the reflected light of the Earth. 

Drawn along, apparently, by the diuniai movement, the body soon sots 
below the horjaon. The next day, the same appearance again occ 
already the crescent is less delicate, the luminous portion larger 
Moon somewhat farther from the Sun, setting also a little later. 

The fourth day after the new Moon, the form and appearance of our 
Satellite, which sets only three hours after the Sun, is that which is 
represented in the second figure of Plate VI. The Earth-shine is still 
very perceptible, although it diminishes more and more, to disappear 
altogether at the following phase, which is called the First Quarter. 

Between the seventh and eighth days of the Moon, it is presented to us 
under the form of a semicircle, partly visible during the day, as this time 
the diurnal movement only causes it to approach the horizon some six 
hours after sunset. In the preceding phase, the various features spread 
over the Moon's surface were visible. But at this time these markings are 
distinguished with great clearness on the luminous half circle, more 
especially at the division between the illuminated and the dark portion 
called ' the terminator.' 

Between the first (piartsr and the Fuil Moon, seven days again elapse, 
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■during which the furm of the illuniinatod jiart apl>loaol!e5 nearer and 
nearer to that of a complete civcle ; the Moon rises and seta later and 
later, always turning towarcb the west the oirenlar portion of its disk. 

Lastly, it presents to ne the whole of its illuminated portion, ahont 
fifteen days aftei the new Moon ; then the hour of its rising is neai'ly that 
of the setting of the Sun, which in 
turn rises when the Moon sets. It 
is midnight when it attains the highest 
part of its conrse, or,' in astronomical 
language, when it passes the meri- 
dian ; then the Sun itself passes the 
lower . meridian nnder the horizon ; 
that is to say, relatively to the Earth, 
the Moon is precisely opposite the 
Sun. ■ - . , ■ ' 

From the time of full Moon to the 
next new Moon, thecircnlar foim of 
the visible portion of the disk dimin- 
ishes by degrees, and at last pnts 
—that of a slender crescent. But this time 
a fact, the half circle bounding 




Vig- 92,— last phase oftlieM 



on the appearance first noticed,- 

the convexity is turned towards the east ; 

the illuminated portion naturally always faces the Sun. 

In the mid interval which separates the full Moon from the following 
period, at the Last Quarter "we get a phasellke that presented at the first 
quarter,'hut inversely situated,' In tliis second part of the. lunar pmod, 
or Lwnaiion, the appai'ent position of the Moon in the Heavens approaches 
nearer and nearer tiiat of the Sun. Towards the last days, it precedes 
■its riBe by, very little, until it is again lost in its rays, finally to disappear, 
^nd then to again appear as a new moon, at the commencement of the nest 
lunation. The Earth-shine again beoomes visible, after the last as before 
the first quarter, and hecomea more appai-ent as the visible portion of the 
disk diminishes. 

This succession of the j hases jf the M on which is constanilv repio- 
duced and always in the same mannei results evidently from the move- 
ment oi the Moon round the tilth This 'niU he ea^ih understood Irom 
fig 53 and it wiU be tlieie seen why the phases ot successive lunations ai-e 
pree sel\ the same when the bun the Eaith and the Moon occupy the 
■same relative positions -nhile li we referred the place occupied by the 
Moon to the stais in two or more similai and consecutive phases it would 
he seen that it does not occupy the same pomt of the sky — that it does 
■not e\en traverse the same con^fellabons a lact which results n t only 
from the movement of the Eaith m its rhit but tiom the variatims of 
the m ^em^nt of the filoon in hers In a httle mo <- thin 21^ dajs,* 

* 2q Am 11 i4 n tP e onla 
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THE MOON. 115 

the Moon returns to occupv thp name portion with respect to the Sun and 
Eirth , this marks the length of the lunar month or lunition 

It must he iddpil thnt tins Ipngth evcpedi h^ moie thin two da^s 

(1 ' I ■ f i r 111 AT 1 f 1 Tt II f ,f Its 




This d^erenee la due t 



oftlieriiases. 

the movement of the Ear 



sidereal revoJiition.* 
round the Sun. 

Considering the Earth as fixed, the orbit which its satellite describes 
round it is an ellijBe of which the Earth oocupiea one of the foci. The 



» The Mooa's sidereal day is 37 days, 7 



:, Hi seconds iong. 
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distance, therefore, whicli separates the two bodies, varies incessantly, and 
aa a consequence, the apparent diameter of the Moon varies also, but 
inversely ; a fact proved by observation, and especially by microraetrlcal 
jneasurea of its disk. 

The figures here given will enable us to form a precise idea of these 
variations. 

The greatest distance of. the Moon from the Earth is about ()4| times 
the equatorial radius of our globe. When the Moon is at this distance, it 
is said to be in apogee. At the time of perigee * that is to say its least 
distance, it is not fiirtJier from us than 67^ ot these radii whence it results 
that its mean distance is 60j radii, that is nearlv equal t :> the 400th part 
of the distance of the Earth from the bun which is aa we hive seen in 
round numbers 24^000 terrestrial radii Yt e must then mal e a chain of 
thirty globes, equal in size to the Earth touching each othei and in a 
straight line, to reach the Moon, [According t the [ate=t efceaicl es of 
Professor Adams, the mean distance of the couties of the Fa tl and 
Moon is 238, 793 miles, and tliis we know to be correct within a veiy 
few miles.] 




have J isted the heavens 1 nlcrrpviLW we il all leturi t the 
interesting question of the distances oi the different bodies and me shall 
attempt to gi\e an idea of the meth ds which enable us to determine 
them We shall tlien see how lelyinij on very simple geometiica! 
punciplei and aided by instruments f gieat perfection astronomers can 
nipasiire the distances of some bodies near the Earth infer from theae 
measuies the distances of the other memler^ f the 3\siein and finallv, 
gaua[e the jjrolundities of the ethereal vault without quitting the movable 
stand point where Natuie has placed ns 

The mean distance which separafes ua from the Aloon is 1 it liftle 
more than nine times the circumference of the Eaith at the EquaH r. 
'Ihere are many sailors who hiie m their ^o^ages traveised as long a 

Ip jLe irom.a<n f om and yfl lie Earl! Pe j/er f on t<{ id ji, 
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distance — one that an express train w uU c *. Iv ■» luu plitl m les tl an 
aOO (lays. 

Tlie apparent magnitride of the lunw disl vanes as ■we hi\e seen, 
with the distance of the Earth from the Sloon but e\en on the luiliLe of 
our globe, atid at the same instant, the diainetei of the disl does not 
appear of equal magnitude to all obseneis It aj pears siri'dlei to aa 
otwervsr who eees the Moon rising or setting at the horizon tl an to him 
who sees it at the zenith. 

To the former, the distance A L ot the Mora is neirh e^ial to the 
actual distance of the centres of the two be dies T the lafctei ofl the 
contrary, the distance A'L, is equal to the first dimmiahel by the 
terrestrial radius, or by the sixteenth j. irt of the total distance 

Hence it follows, that as the Moon is earned by the Earth a rotation 
from the lior;zon of any place to its aei itb that pla e is actually Irm ght 
nearer to it .some 40C0 milerf. The 1 i i I 1 1 1 1 tl 1 re a] p ir 




to ua larger at the zenith, than at the horizon ; b t 
a pure illusion, the opposite effect obtains ■ at tl e 
Moon its disk appea to u n m u t u 
diminish insensibly wl n t d f m th 

horizon and mounts th ta ky 

We have remarked th t th a p 11 n 
it is sufiicient to t k a t m uh n th 

positions ; if this be d n th n t at, 

ment, to make the re ult d pe d nt t d 

is entirely opposite f th appe H w tl 

explained ? 

By an error of o i Igm nt 'W 1 tl I m 
is near the horizon, it ae n pi eel I nd all th 
of the Earth interpo ed b t n and t 1 th 
at the aenith where n tb nj, pa at t 1 



s gi la iv en h by 

s ng 3 d sett ng ot the 

tl e CO t a -v to 

hj cts s t at d n the 

T be conv ced of t, 

M on s the two 

bj means of a nst - 

■y way of judging, it 

ngular phen 



s disk of the body 

tj eta on the surface 

more distant than 

N w an object which 
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118 THE SOLAR SYSTEM. 

keeps tlie same apparent dimeii'irna is to us, by virtue of the juBtiiictive 
habits of our eye, by so much greater as it appears to be more distant.* 

We next come to the real dimensions of the Moon. These are 
readily determined, since we know, with the most wonderful exactness, both 
the apparent magnitude of the Moon s diameter and onr distance from it.f 

[A recent discovery of very great interest shows «e that in the case of 
tile Moon, the word ' ajiparent menns mnch more than it does with 
regard to other celestial bodies Indeed the brightness of the. Moon 
causes our ej es to plai bb itl«e As is well known, the crescent of the 
new moon, bj an effect of irradiation, seems part of a much larger sphere 
than that whiih it his bepn -faid time cut of mind, to ' hold in its arms.' 
We now leain that tbp ! ii^lit ]> iln n t the Moon, as seen in our measur- 
ing instrnmeiit'* t- wt-Jl i lili tli i il 1 nye, covera a larger area in the 




field of view of the telescope, than it would do if it were not bright. This 
has recently heen proYCd by measuring the darh moon. Our readers may 
possibly ask how this has been done ? Well, we get an approach to a 
dark moon when we observe the ocenltation of a star at the dark limb ; 
and under these circumstances, it has been recently found by the Astrono- 
mer Royal that in the main all such oceultations go to show that the 
limb of the Mcon is n t so far awa^ from its centre, in other words, that 
iffl radins is not so great as we thought Again, in total or annular 
eclipses we deal erfirely with the darl Moon and Mr. De La Hue's 
ex-[uiBite photo^taphs ff the tjtal ecLpse ol 18(iO entirely endorse the 
resulta ot the twentj fi\e jears labouis at Greenwich. 

• If when ihe disk ot tl e M on iippeari ot tl e honicn witli these illiiGory di- 
Ls, it is looked at with the oakad. eje through a tube, or the hands plnoed 
!, the illusion disappears ; it does not seem then to esceed in size tlie lunar 
n at the zenith. 
he diameter of the Earth being 1, that of the Moon is 0-9729. 
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The Astronomer Eoy 1 re It 
hitberto received, is too lai e by 
large by 2"-15. And th a ^ua t ty 
must be looked npon as a telescope 
fault.' 

Hansen gives the mean ang ] r 
Bemi - diameter of the Moon a 
15' 33"-36. We must i w call t 
15' 31"'36 ; and its diameter, which 
I to be 2160 
a little more than a quarter 
of the diameter of the Earth, must 
be reduced by something like seven 
miles. We shall have eometbing 
to eay on this discovery when we refer 
to the question of the lunar atmo- 
sphere.] 

Supposing the Moon spherical, 
the total surface of its two hemi- 
spheres, visible and invisible, is equal 
to a little less than the thirteenth part 
of the surface of the terrestrial globe; 
that is to saj',, that it measures 
14,568,000 square miles. Lastly, if 
from its superfidal extent we pass to 
its volame, we find that the Moon is 
scarcely more than the forty-ninth 
part of that of our Earth, or 
5,200,000,000 cubic miles. 

The Moon's motion, we have 
before remarked, is effected along an 
elliptical curve or oval, at one of the 
foci of which is the Earth. Such 
would be, indeed, the lunar orbit if 
the Earth remained fixed in space. 
But it is well known, that, far from 
remaining at the same spot, our globe 
itself travels round the Sun in an 
orbit the mean radius of which is 
four hundred times greater than that 
of the Moon. As the Moon accom- 
panies the Earth in its stupendous 
journey, keeping the relative positions 
necessitated by its circum -terrestrial 
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Fte, 57— The lunar Orbit, 
.mplliigd. 3, In its relative dime 



it follows that the form of 



its real orbit is much more complicated than a simple elliptic ( 
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[Its real path consists of a series of curves, or rather of anepitrochoiiial 
curve, concave throiighout to the Sun, and intersecting the orbit of the 
Earth tw-iee durins a hmar month.] 

But the total departure of the Moon from the Earth's orbit, rioes not 
exceed the -jj^th part of the radius ; so that, if drawn to scale on a largB 
sheet of paper, it would be almoBt impossible to detect the departure of the 
Moon's orbit from that of the Earth. 

If the EartJi and the Moon, instead of moving simultaneously along 
iheir orbits in finch a way as to occupy the five positions indicated in 




6g. 57 [which will be understood to I 
real orbit precisely represented], were simply, the first to remain at rest, . 
and the second to drculate in its orbit ronnd our globe ; it is easily seen 
that the appearances presented would be premely the same, at least if we 
compare the ponitions of the two bodies with regard to the Sun. 

It is in this manner that a person, on the deck of a vessel in motion, 
believes that in walking ronnd the mast, he is moving in a circle, whilst 
the curve which he describes on the surface of the sea, is a sinuous cnrve, 
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the form of which is ainloijous to tliat of thp real iibit of the ^loon. In 
reahtv the pith which this peiaon traverses in uitiie complicated still ; and 
b) obtain its real fonn we must tale into account his proper iiioveiaent, 
the movement of the vessel on the sea the double movement of votaiion 
and ot re\olQtiou of the Eaith itself It mil be 'ieeii Ktei on that the 
Sun moves al <i throui{h 'jpac* diawm^j with it the Earth the other 
planela and their satellitee whence toBow for the oibits of all those bodies, 




ves, the d _ 
of the various motions with which they are animated. 

We must recollect that it is the phases of the Moon which have 
demonstrated to lis its i-evolution round the Earth. This movement, added 
to the fact, that the Mooa constantly presents the same hemisphere to the 
Earth, proves that it turns also on itself, in a period of time exactly equal 




to the length of its sidereal revolution, that is to say, in about twenty-seven 
days and a third. 

In speaking of the movement of rotation of the Moon on its axis, it is 
right to anticipate an objection often made, proceeding from a false idea 
sometimes conceived of the rotatory movement of a movable body. ' Since 
the Moon,' it is said, ' always presents the same face to us, it cannot turn 
on itself. If it turned on an axis or pivot, it ought to present us all its 
sides successively.' Snch is the objection simply put. 

To solve this difficulty, let na examine into the phenomena. What is 
a movement of rotation ? How is it knowTi that a body, a sphere for 
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example, does rotate? and liow is it kuowTi when an entire rotation has 
heen completed ? Evideatly, when the sphere has presented succeesively 
one of its Bidea towards every point of the space which surroundB it. If 
^\e divide the entire rotation into four periods, the accompanying diagram 
will shuw how the sphere would be seen at the comencement of each of 
those periods, to an ohaerver at rest. 

Now, if the sphere, during the exact time that it takes to effect this 
rotation round its axis, executes a movement of revolution round the 
observer, whether the observer be at rest or not, it is none the less evident, 
that the entire rotation would be effected, if the side, of which the point A 
fonns the apparent centre, is successively presented to all parts of space. 
Now, this is the case with the Moon, during a complete revolution in its 
orbit, as may be seen from the comparison of figures 59 and 60.* 

M"e shall see further on, that it is not rigorously true to affirm that the 
Moon always presents the same face to the Earth ; our satellite, in fact, 
undergoes what astronomers call a libration, or apparent swinging from 
east to west, and another from north to south. 

These hbrations result from causes of which more anon ; it is sufficient 
here to know that they do not modify the fundamental fact of the equal 
duration which characterises the two simultaneous movements of rotation 
and revolotion of the Moon. More than this, the central point of the disk is 
not precisely the same to observers situated in different parts of the Earth. 

We shall now proceed to describe the Moon as it is seen in the telescope, 
and to inquire into what is known of its physical constitution, a question 
of absorbing interest from so many points of view. 



VIII. 



The Aspect of the Moon to the nuked eye — The Seas or Mana ; Mnuiitiiins— 
Printipal Mountain Chains — Voloanio charaeter of the Lunar Moun Wins— The 
Cralers Tyoho and Copernicus — Walled Plains — Ananlor Mountain -rampflrts — 
Craters, Peaks, and Cones — Terrestrial Analogies — Heights and Dimensions of 
thaMoantnins — Bright Bays; Centres from which thej emanate ; Mr. Nasmyth's 
Explanation of tViera — Eilles or Furrows — Suggested Explanations; Beeaot 
Labours of Schmidt. 

The world which we are about to explore, — somewhat in detail, thanks 
to its small distance and to the great power of our modem optical instru- 
ments, — though hke the Earth in some general characters, totally differs 
from it in others. If an inhabitant of the Earth were transported to the 

;e of the 
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surface of the Moon, he would be at once strudt with the strangeness of 
the scene. The configuratioa of the surfaea, every corner broken up and 
rugged, here droular cavities, there elevated peaks ; the aspect of the 
heavens ; the bright stars shining in the broad day ; the sharpness of the 
lights and shades ; the eternal silence which reigns in these desolate regions ; 
the extreme temperatures, iiow glacial, now torrid ; the singular life-con- 
ditions of organised beings— if it be that life is possible there ; all would 
nnite to upset the most familiar notions. 

Nevertheless, whatever may be the contrasts between the lunar world 
and our own globe, it wiD be seen that the variety which is manifested 
with a marvellous richness, here, as in all the works of Nature, ia the effect 
of but a small number of causes, or rather the result of simple modifications 
of elements which are really the same for all celestial bodies. The simpli- 
city of the laws which govern astronomical phenomena causes the unity of 
plaE of the whole solar system to shine forth with incomparable clearness. 

The fi 11 m n ' a y pure sky allows the naked eye to distinguish 
the prineip 1 1 1 and b ght features — features, the permanence of which, 
as we ha'v bef re a ked, shows that the same face — the same hemi- 
s}ihere, is Iw v t ned t wards lis. From east to west, going northward, 
several larc; g y h p ce are distinguished, the uniform aspect of which 
contrasts w tl th th m half of the disk, which is almost entirely covered 
with a mult tuds i h ght points. The north-east and north- west borders 
of the disk are tei-minated by whitish and bright marks, whilst the central 
regions participate in the general tone of the southern part. 

Of old the name of ' seas ' was given to the large dark spots which 
mottle the Moon's northern hemisphere and part of the southern one, to- 
wards the west and east. The name is still retained, although its literal 
meaning must not be attached to it. The lunar seas are now regarded as 
plains, whilst the most brilhant portions ai-e principally mountainous 
regions. We will now briefly describe both, asking the reader to follow 
the description on Plate VII, which represents the full Moon as seen with 
(he aid of a telescope of small magnifying power. 

[As the image- of a celestial object seen in a telescope is inverted, the 
top of the plate represents the South Pole, and the bottom the North Pole, 
the right hand is east and the left hand west.]* 
■ To begin with the Seas, or Maria. 

Close to the western border or limb, is seen a greyish spot, of an oval 
form, plainly visible by contrast and isolated in the brighter portions : this 
is the JWare Gridwrn — the Sea of Crisis. Between this spot and the centre 
of the disk, a large dark space divided by a Hnd of sharp promontory has 

* [A. slight change has been made liere in the translation, at the suggestion of 
the Rav. T. W. Wehb, to aeeommodate tho espressiona ' east' aod 'west' U> the 
general usage of seleni^rnphers, iiooording to which, ihe terms employed in descriliing 
the relative position of otgects upon tha disk, imply a ceversioa of E. and W., com- 
partidwith their situation on terrestrial maps, hutiiot an inversion of N. and S.] 
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124 THE SOLAR SYSTEM. 

l«en named tlie Sea of 'rranqiiillity, — Mare TranquUUtata. Tt tliro\i-s 
out towards tlie eoiith two portions the largest and most western of which 
is the Sea of Fecundity — Mare Fecuvditalh, will Ist the other, smaller and 
neai-er the centre, is the Sea of Nectar — Mare Neclaris. 

If now, leaving the Sea of Tranquillity, we travel northwnrd, we find 
the Sea of Serenity — Mare Serenitatig, whidi is traversed throughout its 
length by a very bright ami nearly rectilinear ray, which gives to the 
whole spot the fonn of the Greek capital jiAi, O, The Sea of Vayiours — ■■ 
Mare Vaporufii, is a prolongation towards the centre of the disk of the Sea 
of Serenity. 

Lastly, the Sea of Rains — Mare Imhrium, of roimd form, the largest 
of all those which have been nomed, forms the northern termination of the 
series of greyish spots to which the incorrect appellation of seas is still 
applied. 

We most now re-descend towards the east to find the Ocean of Tem- 
pests — OceaniM Proceltaram, of which the ontlinea, not very well defined, 
are lost toward the south in the Sea of Moistures — Mare Jlwnioi-wm, and 
the Sea of Clouds — JHare Nubiiwi, at a short distance from a luminous 
■point, whence diverge in all i^rections- whitish rays of great length. 

This last point, which may be considered as the centre of the mouiu 
tainons regions which surround the southern pole, is no other than Tycho, 
one of the most important elevations of the visible hemisphere of the Moon, 

If now, in order to observe the details of the lunar disk, we employ a 
telescope of considerable magnifying power, we shall he aatoniahed at the 
prodigious multitude of small spots of annular form, round or oval, which 
cover the entire surface. At the time of full Moon, these features are not- 
well defined, which arises from the position of the visible hemisphere with 
regard to the Sim. 

. If, on the contrary, we choose for the time of obsei-vation the epoch of 
the first or last quarter, the portions near the edge of the illuminated porf ion 
of the MoouAvill appear eaten into cavities, surrounded by circnlarrani|iart8, 
throwing their shadows away from the Sun, here towards the interior, 
there towai-ds the exterior of the cavity. More than this, along the whole 
Mne of separation of the light and shadow called the Terminator the 
interior of the annular cavities seems quite black, whilst here and there 
luminous points show themselves detached from the illuminated portions of 
the Moon. These spots indicate mountain-tops or ranges, which accor- 
dingly as we observe at the firet or last quarter, receive the rays of the 
Moon's morning sun, or the sunset rays which lingiir after the lowlairds 
are in shade. 

Such are the mountains of the Moon. Figs. 61 and fi2 give an idea of 
the appearance of the mountainous regions with which our satellite is over- 
spread. 

The chains of mountains, as distinguished from the annular mountain- 
ramparts, are not relatively numerous in the visible hemisphere of the Moon, 
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The greatest nnmber is found in tlie northern part of the disk. The Alps, 
the Caucasian range, and the Apennines, are the most remarkable. This 
last chain separates the Seas of Serenity and of Vaponrs from the Sea of 
Eaiiis, which is surroimded as with a belt of semicircular form by the 
three ranges we have named. It is well seen in the drawing of the full 
Moon which we have before given. We may also notice the Carpathian 
and the Oural mountains, which separate the Ocean of Tempests from the 
Sea of Eains, and the Sea of Clouds ; the Taurus mountains, west of the 
Sea of Serenity ; the mountains DOrfel and Leibnitz, at the southern pole ; 
the Pyrenees, which separate the Seas of Fecundity and of Nectar ; to- 
wards the west, fie Altai mountains, near this last sea, which extends 27fi 
miles from north to south. [The Altai mountains approach closely to the 
arc of an ellipse, the major axis of souih. 

which is terminated on the south by 
the crater Piccolomini, and on the 
north by the twin craters Isidorua 
and Capella, which are in a very 
disturbed r^ion. The monster cra- 
ters, Cathetina, Cyrillus, and Theo- 
philus, are just within the north-east 
portion. There are two concentric 
crater ranges separated by plains ^ 
between the Altai mountains and £ 
the Mare Nectarii^ Lastly, we 
have the Cordilleras and the moun- 
tains D'Alembert, near the western 
limb. The range of the Apennines, 
the most considei'able* of these 
mountain -chains, is, however, but 
373 miles in length. 

It is impossible not to recognise 
the eminently volcanic character of 
the lunar mountains. All the crust 
of our satellite is pierced by craters 
which indicate an innumerable series 
of volcanic eruptions, some limited to 
a small space, others embracing an 
immense area on the surface. We 
give in the margin a rough sketch 
of Tycho, and the region lying to 
the west and south, deduced from the large photograph (S8 inches in 
diameter) of Wan'en De La Rue. We also give (fig. 61) an additional 

* [Or rather 'the moat familidrlj known.' It is surpassed in height, and poa- 
KiUj in esttnt, bj the ranges (if the}* are not annulav ramparts in profile) of the S, 
andE.limbg.— T.W.W.] 
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1 liis hand-drawings of the lunar surface. The circular ramimrt of 
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Copernicus, one of tlie largest aimulav mountains of the Moon, near the 
Carpathians, is represented in detail, in fi^. 62, as observed by Mr. 
Naamyth. We are indebted to the kindness of the late Admiral Smyth 
for permission to present it to our readers, it forms one of tlie illustra- 
tions of his magnifieect work, the ' Speeitlum Hartwellianum.' 

The regions near Tycho are formed, aa may be seen, of a number of 
craters of various dimensions, some of which are hollowed out in the form 




Fig. 62.— Tlio Mount 



of cups or funnels, whilst the largest present the appearance of circles with 
flat bottoms, at the centre of which rise peaks of pyramidal form. One 
crater is situated at the centre of a circle which it surpasses in altitude ; 
whilst at the bottom of a crater with very elevated ramparts, and here and 
there in the winding vaileys which the circular walls leave between them, 
other small volcanic vents scarcely rise above the neighbouring surface. 
The irregular edges of all these openings bear testimony to the convulsions. 
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: satellite undevwent at the 



traces of debris 
mountains present, like 
f terraces, if tlie common 



rents, and .dislocations, whicli the surface of o 
period wken these eruptions took place. 

The crater-wall of Copernicus shows 
ejected from the crater. Many other lanai 
Copei-nicus, evident traces of stratification [or 
geological meaning of ' stratification ' should he thought to imply aqueous 
actif n] doubtIe«s owing to the deposits of successive eiuptions 

If the volcanic mountains of the Aloon present gieat analogies to the 
volcanoes ol our Earth the^ are aluo distinguished bv ver\ marked 
chiiaoteiB If the preceding diawingb be compaied \Mfh the tDpL^iaphio 




view (fig. 63) of the Peak of Teneriffe and its environs, the differences, as 
well as the analogies, will be seen. Whilst the craters on the Moon have 
enormous dimensions, — the diameter of Ptolemy being 114^ miles, of 
Copernicus 5'S, and of Tycho 54,-^ the dimensions of the terrestrial volca- 
noes ate relatively extremely small. The rel ef ot tl e I le of L bon (fig 
64), which we reproduce as constructed by a Prench en^, nee M L 
MaiSlard, shows large depressions of nearl c & lar i rm at the ] o ti 
where cones of eruption originally existed. It s pe aj to s nl ngs of 
this nature that the circles of the Moon a e due * But t st 1 e 

* [Tile eievfttion, hoirever, of the snrronniling a pa s see u nde th 

improbable, as thej would on such a supposition indicate the fciimei' existence of 
conea of most disproportionate dimensioos. The exterior of the lunar craters seldom 
eihibits any approach to a vertioal position. — T. W. W.J 
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remarked that the exterior profile of theae volcanic cavities hag not that 
sharp vertical direction which on our satelhfe distinguishes the walled 
craters, the elevation of the sides of which is less on the exterior than in the 
interior, as demonstrated by the differences in the lengths of the sliadows 
cast. The bottom of a lunar crater is generally of lower level than that of 
the plain which surrounds it ; the contrary always holds in terrestrial 
volcanoes. It is true that this observation applies to the walled craters of 
great extent, rather than to the craters properly so called. 

If, as is believeii, the generally rounded form of the lunar features, 
including even the chains of modntains, proceeds from the action of the 
interior strata agiunst the solidified crust of the spheroid— if the walled 



<, . 




craters are but craters of upheaval, would it not he allowable to attribute 
the interior depression of the bottom of the circular cavities to a kind of 
sinking of the half-liquid matter ?* 

'* [Mr. Mallet, in lis fourth report on Earthquake Phenomena (Reperls of the 
British, AMioeiat'uin for the AdvaaeemerU of Science, 1858, p. 61) shows that the Earth's 
surface is to a great extent divided into saaeei'-shaped shallow depressions, bounded 
bj Soning coast lities, generally uniting in cloeed eurcea ; and on p. 64 he sajs ; 
' Enough, however, baa probably been statad,to indicate tlmt, viewed on the broadest 
aoale, the siivfaee of ovir globe consials, as respects its solid surface, of a number of 
saucer-like depressions, when large having also ameex oentral areas, all having plain 
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133 THE SOLAR SYSTEM. 

Ono word now on the heights of the lunar mountains. 

The highest of all are in the vicinity of the southern pole : there 
DOrfel is found, the summit of which attains 8897 yards in altitude : the 
mountains Caeatua and Curtina are 7078 and 7409 yards high, and the 
annnlar erater Newton is 7951 yawls deep. ' The excavation of this last 
ia such,' say Beev and Msdler, ' that neither Earth nor Sun is ever visible 
from a great part of its hottom.' 

Ie the aorthern regions, conaiderahie heights aro also found ; Calippua 
and Caucasus, Huygens in ihe Apennines, respectively attain 6193 and 
6020 yards in height The centra! pealta and cones are nearly always 
much surpassed in height by the annular mountains. The central cone 
of Tycho measures 5000 feet, and that of Eratosthenes, at the extremity 
of the chain of the Apennines, rises to a height of 5250 yards above the 
floor of the crater. 

To sum up; of the 1095 heights meaaored by Beer and Madler, 39 
are higher than the summit of Mont Blanc, and (! are more than 6500 
yards high. 

Thus the vertical heights of the lunar mountains are not less astonish- 
ing than their lateral dimensions. We have already mentioned the 
immense walled plains of Ptolemy, Gopernieus, and Tycho ; but among 
the craters, properly so called, it is not rare to find some which have 
diameters of 100 to 120 miles. The erater of Sehickard is one of the raosl 
considerable on the visible hemisphere of the Moon ; its diameter is nol 
less than 133 miles; and the height of one of the mountains which liet 
near it is 3500 yards. It is a noteworthy circumstance that an observe) 
placed at the ceartre of the immense walled plain Sehickard, would not ht 
able to see the summit even of the lofty irregular wall which surrounds it 
on every side. The distance would be so great, that the borders ol 
the crater would lie below the visible horizon. How diSerent to the 
craters of our own volcanoes,- which, as remarked by Humboldt, would at 
the distance of the Mcion, be scarcely visible with the telescope. 

To complete this description of the Moon, which is at once geo- 
logical, geographical, and topographical, we must mention two singular 
phenomena which have much puzzled astronomers. We refer to the 
luminous bands and rilles. 

In Plate VII there are seen to start from two principal points, Tychc 
and Copernicus, two series of luminous rays, which, traversing the moun- 

outlines approximating to extremely irretfular ovals, or otlier closed ciirvaa, and 
hounded hy moaniain chains, or mora rounded or flat-topped ridges, or elevations o) 
the solid apliore. greats or less;' and also on p. 61 he says, ' Each great oceanic 
saucer, bnunded by the existing oontinenU and their A^agmentary outliers, presently 
an almost contioaoua fringe around, of itunmtam chiana a,nd vnlcanic fod.' It is nol 
alittle remarkable, that the lunar volcanic venls are arraiined similarly to those ol 
the terrestrial, either breaking out on, or even piercing throogh, the walls of the 
smnller craters, or arranged in lines norosa the larger lunar depressions, not unlike 
the sub-oceanic linear Tolcanio ranges of which Mr. Mallat speaks. — W. K. B.] 
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tains and the neiglibouring features, extend to a great distance from those 
brilliant centres. More than a hundred himinoiia bands thus diverge from 
Tycho. Aristarchus, Kepler, and the Carpathians, [and many other 
centres] present analogous systems, which appear to converge, intermingle, 
and connect themselves together. These singular appearances, of which 
no ebtirely satiefactory explanation has yet been given, are only visible 
about the time of the full moon. They disappear at the other phases ; and 
this seems to show that they are not due to elevations, aa then they 
wonld cast shadows, and would be, on that account, clearly visible. Do 
they owe their origin to the eruptions of the volcanoes which occupy their 
Centre? If this be so, wovdd they not seem to be crevices filled suhse- 
qnently with reflecting and crystalline siibstancea, thus fornaing on the 
surface of the Moon so many slightJy luminous threads ? 

[Mr. Birt has informed us, that some of these rays are visible under all 
illuminations ; one, which emanating from Tycho, crosses a crater on the 
north-east of Pracastorius, is not only distinctly visible when the termina- 
tor grazes the west edge of Fraeastorius, bat is even brighter as the 
terminator approaches it. Those emanating from Tjcho are evidently 
different in their character from those ejnanating from Copernicus, while 
those from Procliis form a third class. The ray* from Copernicus and 
Kepler appear to be very similar. One very bright ray, in the neighbour- 
hood of Geminus, we have found to coincide in direction with a ridge of 
high land, 

Mr. Nasmyth has been able to produce somewhat similar appearances 
on 3 glass globe by filling it with cold water, cbsing it up and plunging 
it into warm water. This causes the enclosed cold water to espand very 
slowly, and the globe eventually bursts, its weafeest point giving way and 
foi-ming a centre of radiating cracl(S similar to the flssurea — if they he 
fissures — in the Moon.] 

According to the views of an eminent observer, M. Charconac, the 
ring-forined mountains, or craters, which form points of divergence for 
these radiations, are of relatively reeent origin. At the time of the 
eruption which produced these craters, the gaseous masses escaping by the 
new volcanic vents, or becoming precipitated, swept before them "the piU- 
verulent and whitish substances which eovei'ed the summits of the 
neighbouring craters of anterior origin, or in case of concentric divergence, 
the summit of the craters existing on the same spot; hence the long white 
bands which radiate from Tycho in the direction of meridians having 
this volcano for a common pole. This explanation of the singular 
luminous ban<^ which radiate from Tycho, Prochis, Aristarchus, Coperni- 
cus, and Euler, may, perhaps, thruw some light on the physical constitution 
of our satellite.* 

The rilies differ from the luminous bands in that they are evidently 

* [The anormoua lf>Dgth and sm^mi 
et uniformity of level, seem, howi'vp 
has yet bKen attempted.— T. W. W.] 
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134 T[TB SOLAR SYSTEM. 

formed of two parallel slopes, more 01 les'^ steep le'iMiigawit jt mken 
way between them. They appear 1 light in the tail moon and in. the 
other phases aa dark lines, one of the two ndges projecting its shadow on 
the bottom of the trench. 

It was at first believed that these were anc ent iiver 1 eds but their 
form, often wider at the centre than <tt the extremities their immense 
breadth, which sometimes reaches IJ miles anl still more their depth 
which varies between 450 and 700 yards render this hypf thesn untenable 
Besides which, their kngth is relatively shght, being usually compnsed 
between 10 and 13.5 miles. Lastly, one circumstance which is frequently 
observed, and which will show that it is not possible to consider them 
ancient river-beds, is, that many of them traverse rnonntains, ami cnt 
throngh the sides of high craters in such a way as to present the greatest 
diversity of level. Some of them are widened in parts, and form oval 
valleys ; others again present a series of small craters, joined together.* 
We here repi-oduce (Plate VIII) from the beautiful map of Beer and 
Madler two regions of the central mountainous parts of the Moon, which 
contain some of the most cuiious of these appearances. 

Beer and Madler, in their remarkable work ' Der Mond,' have added 
70 to the hat, and point out, as an important fact, the constancy of 
direction of the majority of them.f All these facta tend to show that 
these singular markings date from the last period of geologic change on 
the lunar surface, and are, therefore, posterior to the craters and ring- 
formations, as is proved by the rainiire of Hyginus, which penetrates to 
the interior of this crater, breaking through its boundary wall. 

* [They are not nnfrei^uently met nith In the interior of great walled plains, a 
fact, perhaps, of some selenologieftl import. — T. W. W.] 

f Schi^ter, Pastorf, GruithuiKeii, and Lo!irniann preceded the two German 
astronomers in these interesting disooyeries. 

[Dr. Schmidt of Athene hue been most indefatigable in this department of lunar 
Bsti-ononij ; he haa discovered no less than 378 of these ourioua formations, making 
with pre-vioiis discoveries 4S5, which he has arranged in classes ; the order of dis- 
oover J la as follows ; — 

From 1767 to 1801 SchrOter discovered . 11 

„ 183-3 „ 1837 Lohrmaon ... 75 

„ 1833 „ 1841 Madler .... 55 

„ 18i7 „ V-4S Kenan .... 

„ 1813 „ 1885 Schmidt . . . £IB 

435 

Mr. Birt baa recorded an observation in which a rille appears to have been 
diverted from iW courr^e by iieo cratere, and the same rille, in a further part of its 
conrse, is completely interrupted by another crater, as if the craters were of more 
recent origin.] 

[In conneiion with rilles, Mr. Mallet has in his report on Earthquake Phe- 
nomenn, p. 63, this remarkable passage : ' A vast lissnre (noticed by Humboldt), 
and marked by an almost continuous line of volcanic rents, extends in a directiun 
nearly east and west,right across Mexico, between 18° and 19° lat. It ia nearly 50O 
miles in length. Its main direction if produced, bears upon the volcanic island of 
Revillegiged", and, as Humboldt also thinks, probably eitends to Monna Roa in the 
Sandwich Islands. The Mexican extremity of this enoi-raons crevasse, probably 
marks the continental end of one of the great dividing ridges of the sub -basins of the 
Pacific' It would be desirable to knoiv the hvadtK of this crevasse. — W. K. B.] 
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IX. 

THE MOON. 

PiaysiCAL CDUSTITDTION {cofitiniied). 

Absence of Air and Water on the Mooa's Surface — Has the Moon an Atmosphere ? 
■ — Aspect of a Lunar Landscape — The Moon's Past Histoi7 ; Profesaiir Frnnk- 
laiid's Hypothesis based on Traces of Glacier-action— The Moon's Climate— 
Days, Niglits, and Seasona—Extent of tte Visible and Invisible Portions of the 
Lunar Globe — Astronomy from a Lnnaiian's point of view — Lunar Phologi^phy ; 
the British Association ' Mood Coraniittee.' 

Wb have already supposed an inhabitant of the Earth landing on tho 
desolate lunar world bristling with mountains and covered with thousands 
of volcanic vents. \V« have described bim contemplating with wonder 
this stranffe globe. But we ought to mention one fact, which would 
render bia sojourn much more than painful — impossible ; namely, that he 
would not find on the surface of the Moon, the moat indispensable elements 
to his existence, — air and water. 

The Moon, indeed, it would appear, is entirely devoid of atmosphere. 

This fact seenis demonstrated by the occultation of stars. When, by 
reason of the Mwin's movement acroaa the constellations, one of the 
luminous points of the starry vault is covered by the dark part of the 
lunar disk, it is extinguished suddenly, without any gradual diminution 
of its light indicating the presence of a gaseous envelope. This faet holds 
good with the smallest as with the largest stars, even during the eclipses 
of the Moon, «ben the terrestrial atmosphere is longer illuminated by 
our satellite. 

If, moreover, an atmosphere, however slight its density, envelnped the 
lunar spheroid, such atmosphere would refract, that is to say, a star, after 
its real immersion behind the disk, would still remain visible for an instant. 
In the same way, it would again become visible on its emersion a little 
before its actual occultation had terminated, so that the duration of the 
occultation would le, for two reasons, iess than the time assigned by 
calculation, and deduced from precise and mathematical knowledge of the 
movement of the Moon. Now nothing like this has been observed. 
Hence, it results that,, if the atmosphere of the Moon really exists, its 
density is less than the ■2000th part of the density of the Earth's atmo- 
sphere. Such an atmosphere would be more rare than the vacuum which 
is obtamed. under the best conditions, in the most perfect air-pumps. 

The only objections that can be made to the conseqnences drawn from 
the preceding fact, are, as Arago remarked, that the apparent diameter 
of the Moon is not perhaps known with sufficient precision ; and again, 
the singular pbenoineuou observed in the total echpse of the Sun in 18C0, 
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and pointed out by M. Laussedat, that the horns of the solar crescent were 
truncated and ronnded, near the Moon's hmh. 

There is also anothev point. It is Imown that the oxtfirior edge of the 
lunar disk forms a line unbroken in appearance, whilst near the centre, the 
terminal ellipse, or terminator, marking the separation of the light and 
shade, is deeply indented and irregular. The cause of this difference ia 
easily understood ; the summits of the craters and peaks, situated at the 
edge of the disk, form a series of undulations which are averaged and 
levelled by the effect of perspective, and prevent therefore a regular and 
unifovra outline; at the centre of the disk, on the contrary, the irregu- 
larities are presented to ns in face, as in a bird's-eye view, so to speak, so 
that tlie summits illuminated by the Mght of the Sun stand out from the 
dark lower levels of the plains. But after all the nniformity of the limb is 
not so decided that it can he argued that in an occultation of a star the 
difference between the observed and the calculated times is, or is not, due 
to the existence of an atmosphere, 

[Now, with regard to the recent discovery to which wo have before 
referred ; of the 2"'U, by which we now know that the Moon's apparent 
diameter must he reduced, certainly a part, probably the whole, is due to 
the irradiation of the telescopic semidiameter. But the reader may perhaps 
attribute a part to refraction by the Moon's atmosphere. If the whole 
were attributable to that cause, it would imply, according to the Astronomer 
Royal, a horizontal refraction of l"-0, which is only about the Y^fiys P*''"* 
of the Earth's horizontal refraction; probably implying a tennity of lunar 
atmosphere which wonld make the atmosphere \indiB0Overahle in any 
other way.] 

Is it possible that thei-e may be an atmosphere confined to the bottom 
of the lowest plains and the deepest craters ? Nothing renders probable 
or contradicts this hypothesis. But at all events no cloud ever disturbs the 
pnrity of ifs sky ; for clouds, even of slight dimensions, would be easily 
perceived from the Earth, and no convincing observations of any are 
recorded.* 

In consequence of this want of atmosphere, the lunar landscapes have 
a very peculiar aspect — the shadows have everywhere the same blaelniess. 
At the most, the crudity of the bright and luminous tints, which stand 
out on a nearly black sky, and of the nearly black shadows, is tempered 
by reflexions, which are, however, very numerous as the levels are so 
broken. Then again, there is no atrial perspective — none of those effects 
of light, of those cloud-tints, which give our terrestrial landscapes so much 
charm and softness. There refraction does not decompose sunshine mto 
glorious colouring, and a thousand varied tints ; the rainbow and other 

* [After all fair deductions on the scare of imperfection of oliservation or pre- 
cipitaney of inference, iJiei-e are still residuaiy phenomena, — such us, for instance, 
the extraordinary profusion of brilliant points which, on rare occasions, diversity the 
Mare Oisium, — so difBenlt of interpretation, that ive maj jiiilge it wisest to avoid too 
positive an opinion. — T. W. W.] 
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pheaotnena of ths same kind are nnlaiown on tlie surface of the Mnon. 
But then the atara and the other celestial bodies ahine in full day in the 
starry vault. 

Plate IX may give an idea of the aspect of the landscape in the moun- 
tainoTJs parta of the aouthem hemispiiere. 

The absence of air on the surface of the Moon implies absence of 
water. If there existed lakes, seas, or even rivers, the liquids firming 
these reaervoire or euvrents, would be rediieed to vapoui bj the fact that 
they would not be maintained as such by atmospheric piessure But tke 
solar heat, acting still more energetically, would de\elope a cjasens 
envelope, — thick clouds of vapour. A cloud of 200 lards in diametei 
would be easily visible. Kow, as we have before said no moving ol|ect 
lias ever been seen on the disk of the Moon. 

No air and no water! This implies, of necessity absence of muds 
and currents, — absence of motion everywhere — in the ikj as on the 
surface. At the most, imder the influence of the alternations ot heat and 
cold, the disintegration of the rocks and the destruction of equjhhiuni ot 
the heavy bodies causing the fall of debris break the monotony of the 
stillness and eternal silence. Nor sound, as it cannot be communicated 
without an aSrial mediam, can only make itself known Vy the contact of 
solid molecules. To an inhabitant of the Earth, our hght giver by night 
wonld appear, according to the expression of Humbtldt but a silent md 
voiceless desert. 

It has been said before that the large dark spots, which the first' 
observers took for seas, are now known to be vaat plains, lower in level than 
the valleys of the mountainous regions. One thing, which, doubtless, in 
the first instance, increased the illusion, was, that many of these spots 
appear of a light greyish green colour : others are greenish grey, reddish, 
or, again, of a! deep grey, like steel. The absence of seas, waters, and — 
as a natural consequence — of rains, is so much the move probable, as it 
well explains the present appearance of the surface of the Moon, or, in 
other words, the geology of its superficial strata,* 'The Moon,' says 
Humboldt, ' is nearly snch as the Earth must have been in its prirailive 
btate. before being everywhere covered, owing to the continuous action of 
tides and cuiTents, with sedimentary beds rich in shells, gravels, and 
alluvium,' It is necessary, however, to distinguish between the mountainous 
regions and the regions of the plains. These latter offer a much more 
tmiform surface, and it appears probable that it is owing to sedimentary 
beds which are there deposited. 

[Instead of seas they are moat probably old sea-bottoms. 

Such, then, are the resiilts of the telescopic observations of the side of 
our satellite turned towards us. Do we know anything about the like 

* [The long continaancB of eruptive artioD, so disfinotly marked by the sucees. 
Hive encroaohnient of wore recent craters upon the bomnlaries of older ones, anil 
tbe decrea=e of its energy, equally traceflble in tbe ditninislied WBgnitude of the re- 
sults, are too evident to ndmit of n qneation. But many other fentures are of a more 
squivocal charactcr.^T. W. W.] 
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conditions of tbe side turned away from us ? or, again, can we dive into 
tlie past history of the Moon ? 

The illuBtrioUB Hansen has held that it is quite possible that the Inna- 
vians on the aide away from us may possess both wat«r and an atmosphere, 
and that the side turned towards ns may be regarded as one vast moun- 
tain. Adams and Le Vevrier, however, have shown that such a hypothesis 
is not very securely based. 

Professor Prankland has perhaps provided us with some data towards 
answering the second question. A study of the glacial epoch on our own 
globe, he asserts, renders it probable that the other bodies helonging to 
our solar system have either already passed through a sirnilar epoch or 
are destined still to encounter it. With the exception of the polar ice of 
Mars we have hitherto obtained no certain glimpse into the thermal and 
meteorological condition of the planets ; and, indeed, the Moon is the only 
body whose distance is not too great to prevent the visibility of com- 
paratively minute details upon her surface. Professor Frankland believes, 
and his belief vests on a special study of the lunar surface, that our satellite 
has, like its primary, also passed through a gladal epoch, and that several, 
at least, of the vallei/s, rillet, and streaks of the lunar surface, are not 
improbably due to former glacial action. Notwithstanding the excellent, 
definition of modern telescopes, it could not be expected that other than 
the most gigantic of the characteristic details of an ancient glacier bed 
would be rendered visible. What then may we expect to see ? Under 
favourable circumstances the terminal moraine of a glacier attains enormous 
dimensions ; and, consequently, of aD the marks of a glacial valley this 
would be the one most likely to be first perceived. Two such terminal 
moraines, one of them a double one, have appeared to them to be traceable 
upon tlie Moon's surface. The first is situated near the termination of 
that remarkable streak which commences near the base of Tycho, and, 
passing under the south-eastern wall of Bullialdus, into the ring of which 
it apj>earB to cut, is gradually lost after passing Lubiniezky. Exactly 
opposite this last, and extending nearly across the streak in question, are 
two ridges forming the arcs of circles whose .centi-es are not coincident, 
and whose external curvature is towards the north. Beyond the second 
ridge a tains slopes gradually down northwards to the general level of the 
lunar surface, the whole presenting an appearance reminding the observer 
of the concentric moraines of the Rhone glacier. These ridges are visible 
for the whole period during which that portion of the Moon's surface is 
Ulumiuated ; but it is only about the third day after the first quarter, and 
at the corresponding phase of the waning moon, when the Sun's rays, 
falling nearly horizontally, throw the details of this part of the surface 
into strong relief, and these appearances suggest this explanation of 
them. The other ridge, answering to a terminal moraine, occurs at the 
northern extremity of that magnificent valley which runs past the eastern 
edge of Eheita. 

With regard to the probability of former glacial, or even aqueous. 
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THE MOON. 143 

agency oa the surface of the Moon, difficulties of an apparently very 
formidable character present themaelves.* There is not only bow no 
evidence whatever of the presence of water, in any one of its three 
forms, on the lunar surface, hut, on the contrary, all selenographic 
ohservations fend to prove its absence. INevertheleaa, the idea of former 
aqueous agency in the Moon has received almost nniveraal acceptation. 
It was entertdned by Gruithuieen and others. But, if water at one time 
existed on the surface of the Moon, whither has it disappeared ? If we 
assume, in accordance with the nebular hypothesis, that the portions of matter 
composing respectively tke Earth and the Moon once possessed an equally 
elevated temperature, it almost necessarily follows that the Moon, owing 
to the comparative smallness of the mass, would eool much more rapidly 
than the Earth; for whilst the volume of the Moon is only about ^th, its 
surface is nearly Yst\i that of the Earth. Tha cooling of the mass of the 
Moon must, in accordance with all analogy, have been attended with con- 
traction, whicli can scarcely be conceived as recurring without the develop- 
uient of a cavernous structure in the interior. Much of this cavernous 
structure would doubtless communicate, by means of fissures, with the 
surface ; and thus there would be provided an internal receptacle for the 
ocean, from the depths of which even the bummg sun of the long lunar day 
would be totally unable to dislodge more than traces of its vapour. 
Assuming the solid mass of the Moon to contract on cooling at the same 
rate as granite, its refrigeration, through only 180° Fahrenheit, would 
create cellular space equal to nearly 14^ millions of cubic miles, which 
would be more than sufiicient to engulf the whole of the lunar oceans, sup- 
posing them to bear the same proportion to the mass of the Moon as our 
own oceans bear to that of the Earth. 

Now, if such be the present condition of the Moon, we can scarcely 
avoid the conclusion that a hquid ocean can only exist upon the surface 
of a planet so long as the latter retains a high internal temperature. The 
Moon, then, becomes to us a prophetic picture of the ultimate fate which 
awaits our Earth, when, deprived of an external ocean, and of all but an 
annual rotation upon its axis,^ it will revolve round the Sun an arid and 
lifeless wilderness, one hemisphere being exposed to the perpetual glare of 
the solar rays, the other shrouded in eternal nightjf 

The climate of Our satelhte must he not less extraordinary than its 
geology. During about fifteen days the Sun pours its rays, without any 
cloudy curtain or atrial curi'ent to temper them. To this temperature, 

* [It may 1)e objected to this mgenioua theory tl:iatttielraeeG of suuh an action would 
be far more nnmerouB, there being great probability that there would be a regular 
gradation in their proportions, and an absolute certainty that they would be visible in 
modern telescopes, even if of fai less magnitude than tiiose referred to. — T. W, W.] 

f [Mayer biis recently endeavoured to prove that the aotiou of the tides tends to 
arrest the motion of the Earth upon its asia. And although it has been asserted 
that, since the time of Hipparchus, the length of the terrestrial day has not in- 
creased by the ijj'-h P^"^ °^ ^ second, yet this fact obviously leaves nntouohed the 
coucla^on to which Mayer's reasoning points.] 

t Professor Franliland, ' Proc. Eoyal Institution,' voi. iv. p. 175. 
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more intense even than that of onr torrid zone, Bncceeds an intense eold, 
which a night of iifteen days' length renders more glacial than that of our 
polar winters, It is ti:ne> that during the day the radiation of the solar 
heat into space again is not prevented. We must conclude, therefore, that 
the climatos of the various regions of the Moon have a certain analogy 
with those of our Alpine regions ; seeing that tbe depression of the 
temperntnre, and the reverberation of the intense light there, become in- 
supportahle by the continuity of their action. 

There are, properly speaking, no seasons on the Moon. The slight 
inclination of its asia of rotation maintains the Sun at a nearly constant 
inclination in each latitude. Bnt whilst in the equatorial regions the 
radiant body scarcely leaves the zenith ; at the middle of the day, in the 
polar regions, it scarcely rises above the horizon. The polar mountMns 
enjoy perpetual day.* 

One can understand, also, that the inclination of the Sun to the lunar 
surface, variable according to the latitudes, can never have on the Moon 
the same importance as on the Earth ; since the rays, whether luminous 
or calorific, are transmitted directly to the surface without having to 
traverse atmospheric strata of unequal thicknesses. 

The revolution of onr satellite is effected with variable velocity, whilst 
its movement of rotntion is uniform. Hence results a want of correspond- 
ence between the two movements ; and the Earth is found sometimes to 
the east, sometimes to the west, of the point of apace opposite to a fixed 
point of the surface of the Moon, considered as the centre of the visible 
hemisphere. We thus discover regions both at the eastern and western 
limbs, wiiich, without this circumstance, would remain hidden to ns. 

Nor is this all ; the inclination of tbe plane of the lunar orbit, added 
to that of its equator, to the plane of the terrestrial orbit, causes the Moon 
to present to us sometimes the north, sometimes the south pole, of its 
globe, and thus to uncover certain portions of its polar regions which 
otherwiee we should not see. 

From these two Ubrations, which is the name given to these move- 
mente, it follows that of 1000 parts of the surface of the Moon, 569, or 
more than half, are visible to the Earth, whilst only 431 remain constaiitly 
hidden from ns. 

But as the dimensions of the Earth are very appreciable when com- 
pared to its distance from the Moon, it follows that an observer, as he 
moves on the terrestrial spheroid, displaces the apparent centre of the 
lunar disk, — or, what comes to the same thing, perceives the different 
portions near the limbs. 

* ' Tbe Sun does not descend below the real horizon of a lunar pole, at the moat, 
to an angle greater than the inclination of the equator of the Moon ; that is to say, 
1° 30' ; but the araaUness of the globe of our SRtelliLe is such, that at an elevation of 
850 yards we see 1° 30' below the true horizon. Nuw there exLst at the North Pole 
' * 3 upwards of 4000 yards in height; conseguenUy the summit of Iheae 
1 never be hidden from ihe light of the Sun.' — Beer and Madkr, 
r Ua CoFjii Ciletta.' 
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The effect of this displacement again increases the dimensions of the 
portion of the Moon whit-h is accessible to us, in encii a manner, that of 
moo parts 424 only remain definitely and absolutely hidden, 576 are 
visible to us. 

From east to west, the pirt of the Moon which must for ever remain 
unkaown to us embraces ^'"KO m les trom north to south 2816 miles 
from the lat, of 40'^ ncrth to the '*ame Ixtitiide south 2610 miles 
Whilst the same dimensions ealenlated for the vi ihle 'ti rface are respect 
ively 3310, 3266, and 3SaO miles acoordim, to Beer and Madler 

A complete zone, theretoie ot the halt ot thp Moon wh ch is turned 
away from the Earth, ie aooessitle to the e>es of min [So much fore 
shortened, however, that our knowledge of great \ait of it must al^vays 
remain very defective.] 

'Now, observations have not indicated we {aite these two meat 
dUigent explorers of the "Moon anv esspnt al differeuee between those 
regions whii-h form the seventh part of the lunar surf ce generally hidden 
from our gaze, and tito'^ with which we are acquainted the same 
moimtainous countries and the same maria are found there Hence, it if 
most natural to conclude the similarity of the invisible portions to those 
which we see. 

That the part actually invisible will for ever remain unlmown to the 
Earth, follows from the searching analysis of Laplace. 

To bring to an end the description of the physical particularities which 
make the Moon a body so different from the ^lobe which we inhihit let 
us see if the astrooomieal pi, m h m f 1 as f th E th 

Without examining into th t tg — 1 f lUq esti fth 
existence of living and org d b tl t f th t ILt f 

our little Earth,* we shall pp 1 ly 1^ <*'' ^ 

of its hemispheres. 

The phases of the Mo 1 te th t h ^ t all tl p t f 

her sphere to the Sun Jn t lf9 d \ tmybpt 

in about 709 hours ; e h t th p t th ref d g 

354| hours the solar light d h t f tl th 1 th f tl M n 

* OCbers, more daring tb on ourselves, nil] doubtless cut tbe knot of this difficulty. 
They will assert, with e, great ohance of being believed, tb at an orgaaised being can- 
not live nithonl air and nater, and that the climatie eunditions of the Moon are 
evidently opposed Ui snch organisms; we trill not contradict them. The cause of our 
reserve, however, is easy to understand. If, hefore having observed any of the 
innumerable organisms which people the waters on our planet, and before having 
heard of their existence, any one had suddenly learned that it is possible to exist, 



n himself; wi thoub doubt, tbe 
'.d be ovu; surprise were i 
eings esist on the surface 

o infinite in the manifestations of its power, that nothing in 
Nature can be pronounced by man to be absolutely impossible. 
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day. During 354^ hours the same point is entirely deprived of light and 
heat, this is the length of its night. From this point of view there is an 
entire equality between fJie visible and the invisible hemispheres. 

The absence of fttmosphere mnst give to the lunar days a singular 
aspect. The disk of the Sun, seen sharp and distinct, is deprived, of those 
rays which surround him to a great distance as seen from the Earth. If 
it be true that the Sun is surrounded hy an atmosphere, this envelope 
should be clearly visible in the lunar sfey, which everywhere else, as we 
have said, remains dark, and even in broad day is overspread with stars. 

Bat the intensity of the light of the Sun and that of his direct heat, 
are not the same at mid-day in each hemisphere of the Moon. In fact, it 
is noon for the points of the lunar meridian which is presented to ua at 
the exact moment of full moon ; while for the other half of this meridian, 
our lunar antipodes, noon coincides with the instant of the new moon. 
Now, in the first position the Moon is further from the Sun than in the 
second by double its mean distance from the Earth, or by the 200th part 
of the distance of the Sun from the Earth. So the apparent diameter of 
the Sun is greater in the second case than in the first by about the two- 
hundredth part. 

During the nights of tliis latter hemisphere, the lunar observer will 
constantly see the Earth under the form of a luminous disk, fourteen times 
larger than the Moon in our own sky, and presenting successively a series 
of phases analogous to her own. The nights, therefore, vrill never he 
quite dark, as in fact is indicated by the Earth-shine. At midnight, that 
is, at the Moon's midnight, the side of which we speak — the one turned 
towards us, then invisible because it is lost in the Sun's rays — will have 
/uU Earth. The light, which she then receives from the luminous disk 
of our planet, b equal to that which would be received by ourselves, if 
fourteen full Moons equal to our own were at the same time lighting up 
our evening sky. 

On the other hand, the Earth is unknown to the lunarian observer 
situated on the invisible hemisphere, and the darkness of the nights there 
can only be imagined by bearing in mind that they are tempered by no 
twilight, and that the only illuminarion received by that hemisphere is 
star-light Between these two regions, which form together six-sevenths 
of the surface of the Moon, is the zone, near the limb, which comprises the 
parts in which the Earth is sometimes in view, sometimes invisible. In 
this zone the Earth rises and sets, but its disk rises only a short distance 
above the horizon. 

In the visible hemisphere, the phases of the Earth, the observation of 
the different features which appear and disappear in turn by the effect of 
rotation, serve as a clock : it is a dial, all but fixed in the same point of the 
sky, like an immense lamp, behind which the stars defile slowly along the 
dark sky. 

As to those regions of the Moon which are invisible to the Earth, as 
soon as the Sun has disappeared below their horizon they are suddenly 
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plunged into the deepest night. During 350 hours, an astronomer, if he 
were transported to such a favourable slcy, wonld be able to carry on his 
oheeiTation of plaaet aad star unimpeded by cloud, moon, or twilight. 
Another differem» which characterises the invisible hemisphere ia, that 
there the Sim is never eclipsed, whilst ia the bsmispbere tunisd towards us 
solar eclipses last sometimes two hours. 

Here, then, we may bring our notice of the details of the lunar world 
and its singular constitutioa to a oonciusion. The phenomena to which we 
have just referred — Eclipses of the Sun and Moon — which are invested 
with such absorbing interest, now demand our attention, 

[Before, however, parting company with the Moon, we would refer the 
reader who would know more about her to the Rev. T. W. Webb's work, 
' Celestial Objects for Common Telescopes.' That observer has for many 
yeara made the Moon his special study. We may also congi'atulate our- 
selves that at last, thanks to the example set by Mr, Webb, Mr. Birt, and 
other observers, and to the advance of lunar photography, in the hands of 
Mr. De La Rue, whose latest result is an exquisitie photographic portrait 
of the Moon, 38 inches in diameter, the investigation of the Moon's surface 
is being taken up in earnest, and there is now a standing ' Moon Com- 
mittee ' of the British Association, under whose auspices good work is 
being done ; and a map, 8 feet. 4 inches in diameter, is being constructed 
by Mr, Birt, whose perseverance in this field of investigation is worthy of 
all praise.* In spite of the general exeellence of Beer and Madler's map, 
some parts so ill represent the actual appearance of the Moon, that in some 
minds the idea has arisen of changes aelually going on. This is im- 
probable, but we must wait for a larger map and for more observations 
before we -can positively assert that this is not the case. As has been 
pointed out by Mr. Grove, observations of the geologically or selenologieally 
recent observations will from this point of view be the most hopeful and 
valuable. We may venture to express our belief that this and similar 
work will be best done by filling in from eye -observations a skeleton map 
prepared from photographs of the various regions, on the largest scale 
possible, reduced to a mean libration.f] 

* [Tha labours iq luimr astronomj, more especially as regards the Moon's sur- 
face, of Jolina Schmidt of Alliens, ha^e been \Bry extensive. Since the year 1843 
he has made and catcula.ted 4l)0Q microutetrical measures (made at the observatoiy 
at Olmutz, between 18n3 and 1868) of the altitudes of lunar mountains. In addition 
to these he has nearly lOOOoriginalsketobes, which he is now engaged in combining 
into a map of three feet radius.] 

t [Since this was written,lhe Moon Committee liave detennined upon constructing 
such a skeleton map as is here proposed, and zones l°or 2''i)rnad will be distributed 
among different observera. We rasy Ihus hope for a complete map on on adequate 
scale in a comparatively short spac<! of time.] 
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X. 

ECLIPSES OF THE SUN AND MOON. 

General Theory of Eclipsea — Eclipse of tlie Sun can only take place ^t the time of 
New Moon — The Eclipses of the Mood happen atOpposilion— Why each Lnna- 
IJon is not aeeompanied by two Eclipses. 

When the movements of the Moon and the Earth bring these two bodies 
in such a position, that their centres and the centre of the Sun are all in 
the same straight Kne, the phenomenon which follows from this particular 
situation of the three celestial bodies is what is called an Eclipse. If it be 
the Moon which occupies the intermediate position, it turns its dark hemi- 
sphere towards the Earth ; and the interposition of its black disk between 
us and the luminous body of the Suh prevents the rays of the latter reaching 
us, and an Eclipse of the Sun is produced. If it be the Earth which 
occupies the mid-interval, our globe acts as a screen ; the lunar hemisphere 
turned towards the Snn no longer receives his rays, its disk is obscured, and 
we have an Eclipse of the Moon. 

But this way of considering the phenomena is only from, our own point 
of view. In reality, in both these eases, there is ' ' 
to each of the three bodies in question. 

What happens, in fact, in the first case? 
To an observer placed on the Sun, the Moo 
Earth, hiding a portion of the surface, although it is true that the two 
superposed disks, as they are both laminous, would not permit the darkened 
part of the surface of the terrestrial globe to be seen from the Sun. An 
observer situated on the dark hemisphere of the Moon will perceive an 
eclipse of the Earth, that is to say, a successive darkness over all the 
regions of our globe in which the eclipse of the Sun is visible. Lastly, in 
the case which produces an eclipse of the Moon as seen from the Earth, 
there is also an eclipse [oecultation] of the Moon to the Sun, whilst there is 
an echpse of the Sun to the lunar hemisphere turned towards us. 
Eclipses may be regarded and explained in another way. 
The Earth aad the Moon are two spherical and opaque bodies, and the 
halves of both are constantly illuminated by the rays of the Sun, whilst 
the other halves are in the shade. The illuminating body is itself a sphere 
of much greater dimensions. Not only, therefore, have the Moon and the 
Earth always one of their hemispheres dark, but each of these two bodies 
throws behind it, away from the Sun, a shadow of conical form, the length 
and, diameter of which depend on the distance and diameter of the illnmi- 
nating body, and the diameter of the illuminated body. 

This cone of shade encloses all those parts of space where, by reason of 
the interposition of the opaque body, no Fay of light from the Sun can be 
"leyond the summit of this cone of pure shadow — of iim&ra — 
n its prolongation, are situate all those points of space which see a part 
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of the Sun, under the form of a Itimi 
of the opflqiie body. 

Lastly, these two regions 
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ring, bordering the ohscure disk 
ided by what is called 




a pptiumhta E\e\y ^lait of spar* iituated m the penumhia rnK refines 
li^ht from one jiait of the bun the lummoui disk ot which setms pirtnlh 
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150 THE SOLAR SYSTEM. 

Divaded Ly the obscure disk of the opaque body. The darkneaa produced 
by the peaumhra is so much more intense as the point ia question is nearer 
the nmbra. 

The Moon and the Earth, in their movements, carry with them th«r 
cones of umbra and penumbra, and it is by projecting these total and 
partial ehadowings one on the other that they produce the phenomena 
of eclipseH. 

Kow, if we look at fig. 65, it will be at once seen why an eclipse of the 
Snn, when it does happen, always takes place at the moment of the new 
moon, and why, on the contrary, an eclipse of tie Moon is only possible 
at the period when our satellite is in opposition, that is to say, at the 
moment of full moon. In all the other positions of our satellite, that is to 
say, in all the other phases of the lunation, the Innar cone of shade is 
projected into space away from the Earth, and the terrestrial cone of shade 
does not meet the Moon. 

This is confirmed by all the observations of eclipses, It does not, 
however, follow that there is an eclipse at every full moon, or at each new 
moon ; and the reason for this is not far to seek. 

There would be really two eclipses in each lunar month, one of the 
Sun, the other of the Moon, If the orbit of the Earth round tlie Sun and 
the orbit of the Moon round the Earth were described in the same plane. 
Then, at the epoch either of opposition or of conjunction, the centres of the 
three bodies would be necessarily in a straight line. 

But it has been seen that this is not the case. The orbit of the Moon 
is inclined to the plane of the ecliptic, so that it often happens that, at the 
moment of the new moon, our satellite projects its cone of shade above or 
below the Earth. Similarly, at the period of opposition, the Moon, in 
consequence of its position out of the plane of the ecliptic, passes sometimes 
above, sometimes below the terrestrial cone of shade. Every time that this 
happens of e<rarse there is no eclipse. . 

Let us see, then, what conditions are necessary for an eclipse of the Sun 
or the Moon. 

The orbit of the Moon, we repeat, is situated in a plane which makes 
with the plane of the terrestrial orbit a certain angle, nearly constant. 

It follows that half of the monthly revolution is effected above this 
latter plane, whilst the other half is accomplished below it. The Moon 
then passes through the ecliptic twice every lunation. 

The two positions which it occupies during these passages are the 
JVodes. One is called the ascending node, the other the deseendirig node ; 
because they correspond, the first to the movement of the Moon when it 
rises from the south side to the north side of the ecliptic, the second to the 
inverse movement. 

If the nodes remained invariable in their relative positions with regard 
to the Sun, one of two things would happen ; either there would be no 
eclipses at all, or there would be two in each lunar month. But the nodes 
are displaced from one lunation to another ; and it is easy to comprehend 
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ECLIPSES OP THE SUN ANH MOON. 161 

,hat an eclipse will take place every time that they coincido with the phases 
of the full and the new moon — with the eiiaygiei, as they are called.* 
This coincidence need not be ahsolute ; it suffices that the nodes be so near 
these phases, that the size of the cones of shade makes an immersion either 
of the Moon or of the Earth possible. 

Such is the first genei-al condition of possibility of these phenomena. 
There are still others which are proper to each kind of eclipse, which we 
shall discuss in describing the two kinds of eclipses separately. 



XI. 

ECLIPSES OP THE SUN. 

Contlitiona of the Possibility sntl Visibility of Eclipses of the. Sun — Total, Aniiiilai-, 
and Partiol Eclipses — Path of the Moon's Shadow along the Earth — Longest 
possible Duration of Solar Eclipses- — The Corona,.E«(l Prominences; they belong 
to liiB Svio ; their Shape and Height — Inauenoe of the Phenomena of Echpsas 
on Living Beings. 

SoLAE eclipses are of three kinds. Some are total ; the dark disk of the 
Moon then entirely covers the Sun. Others are partial ; that is, a portion 
only, lai^ or small, of the solar disk is eclipsed. Lastly, there are annular 
eclipses, which take place when the disk of the Moon is not large enough 
to entirely cover that of the Sun, and leaves a luminous ring visible round 
its own body. 

As the Moon is much smaller than the Sun, it will be understood that 
it is its small relative distance which causes its disk to appear of efjnal, 
and even greater dimensions than that of the Sun. This distance varies 
by reason of the elliptical form of its orbit, and hence the dimensions of 
the lunar disk are sometimes larger, sometimes smaller than, and sometimes 
equal to, those of the Sun. 

This is the same as saying that the cone of real shadow or umbra, 
projected by the new moon towards the Earth, reaches or does not reach 

■ [The pkne of the Moon's orbit may he regarded aa shiftiog parallel to itself 
as the Earth ti'avela round the Snn. Thus, precisely as there are two epochs in tlia 
year— Che equinoxes — when the Earth's eqaator-plane is directed towards the Slin ; 
so also there are tno epoclis in the year when the plane of the Moon's orbit is di- 
rected towards Uie Sun. At new moon or full, near, these epochs, there will be solar 
or lunar eclipses. Hence theie are two eclipse-months (so to speak) in each year. 
During each, at least one eolipse must take plaee (if only one the eclipse will be 
solar), and there may be as many as three. Add to these considemtions the fact that 
the plane of the Moon's orhit shifts its uod^B precession ally — mnch as the Earth's 
equator-plane does^ — only in a period of about IBj-jeors (instead of more than 85,000 
years) and the chief general relations of echpses will he understood. The effect &f 
this precessional motion is somewhat to shorten the mean interval between eclipse- 
months, which is thus reduced to about 5J months — E. A. P.] 
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162 THE SOI 

the surface of our globe. If it reach this Hurface, ti\ore is a total eelipai 
to all parts of tlie Earth which are plunged in it ; a partial eclijise to all 
the regiona contained .Jn the penumbra. This will be understood from the 
following figure. 




If the cone ol the Mnon'e shadow does not learh the Earth, there tvill 
^n innnlir eolipie visible in thnw parts comprised m the prolongation 
thi cm' fi ptrtiil cliji-ip to th !•,-• whuh nii onh iound iii the penum- 




Tt will he seen, therefore, that the conditions of the possibility of a total 
eclipse of the Sun are the following ; — 

The Moon must be in conjunction, that is, she must be new ; 

She must at the same time he near a node ; 

Lastly, her distance frt>m the Earth must be less than the length of 
the cone of shadow projected by her into space. 

The same conditions, except the last, are necessary for an annular 
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Those wlio nie icu'itomed to read in scientifii journah m in almauars 
the announcements of echpses which are calculated long beioveliand b> 
astronomer" must often have notir^d these worda, mmeible at London {or 
some othei place) An etlipae of the &nn (we shall ipeak further on of 
licse of the Moon) may then take place without heme, visible to all parts 
of the Earth A little thought \iill fouMui.e us oi this ind malte it easy 
to account for the urcnmstance 

First it la evident that theie viill be no eclipse at those places where 
the Suii lemiiii^ imi ible dunng it entue Uiiiitioii ■seirndlj in maii^, 




places whiih ha%e t!ie Sun above their honzon if the Moims shadow 
is not large pnoiigb, to cover the illuminated surface there will be no 
eclipse. 

But the Moon hts a diimeter iieaily foui times less thin thit of the 
Earth. Its cone of shade therefote at its greatest is much too small to 
enshroud the whole Earth and near the e\treinitiea of this cone its 
dimensions are small enough to throw on the surface ot our tflobe but 
a very small ciick of shadon about 5<) miles m diameter An eclipse of 
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154 THE SOLAR SYSTEM. 

the Sun is then only total at tlie same instant, in a circle of these dimen- 
sions. But the rotation of the Earfh and the movement of translation of 
the Moon combined, cause the cone of shadow to travel in reality over a 
very large surface, tracing a dark curve on the surface of the continents 
and seas.^ 

The same observations apply to the penumhra. 

Thus, according to the position of places relatively to the Sun and to 
the Moon, the first of these bodieis may be eclipsed totally or partially, 
or even appear only in simple contact with the obscure disk of our 
satellite. 

The astronomical theories of the movements of the Moon and of the 
Eai-th are aow so perfect, that astronomers can predict these phenomena 
■with the most wonderful pi-edsion. Kot only does the calculation indicate 
the day of the eclipse ; but the exact second, the time, the dimensions or 
phases of the phenomenon for every spot of the Earth are given. Maps 
are generally added to these numerical details, and show those parts of 
the Earth where the eclipse will be visible. 

We have drawn a map of this Irind, for the total eclipse which took 
place on the 18th of July, 1860, according to the indications of the 
' Connaissance dea Temps ' and the ' Nautical Almanac,' — ■ works 
published many years in advance for the benefit of astronomers and 
navigators. 

A ctiTve in the fonn of co marks the points of the globe where the 
eclipse commenced or ended at sunrise or sunset. Another line, which 
cuts the first two in parts, passes through those places which only saw 
half the eclipse, because the middle of it coincided at those places, either 
with the rising or setting of the Sun. 

One line, darker than the rest, marks the line in which the eclipse was 
total and central. Parallel to this line, other lines which are not marked 
on the diagram would indicate the regions where the partial eclipse was 
visible under smaller and smaller phases,f until the line is reached which 
limits the phenomenon, passing through all the places where the eclipse, is 
reduced to the simple contact of the disks of the Sun and Moon. 

The black line of central eclipse is in reality but the path of the 
shadow thrown by the Moon on the surface of the Earth, as the complete 
figure represents the path of the penumbra on the same surface. 

The duration of an eclipse of the Sun is variable. But we must 
distinguish carefully between the total duration of the phenomenon on the 
whole Earth, and on any giveri place. We here give, according to the 

» Thelengttof the cone of shade projeoted by the Moon into space, varies be- 
tween BT and 00 radii of the Earth. On the other hand, we have seen that the dis- 
tance between the centres of the EartJi and the Moou also varies between 57 and 64 
terrestrial radii. From the centre of the Moon to the nearest point of our globe 
there are then troin SQ to 63 of these radii. 

i Astronomers formerly expressed the size ot thephases by the number of digits, 
a digit being the twelfth part of the diameter of the solai' di^. Thus, if the phase 
vrns j^ digit, the Moon's limb extended to Che centre of the Sun. 
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calculations of Dioiiis de S^jour, cited by Arago, a table showing tlia 
greatest poasilile duration of the different phases i 



!At the Equator 
At the latitude of Paris 



it the latitude of Paris y ye 33 



T,,.! I «,^-.,. j At the Equator . . . 
Total obscurity . | ^^ ^^^ j^l^j^^,^^ ^^ p^-^ 



The total eclipse of the Sun, of which the preceding figure gives the 
path on the surface of the terrestrial globe, commenced at hour 3 
minutes p.m. Paris mean time, and ended at 5 hours 6 miuutes p.m. after 
having lasted in the whole of its phases 5 hours 3 minutes. At Paris, 
where the eclipse was only partial, tte duration of the phenomenon was 
only 2 hours 14 minutes. 

Total echpses of the Sun are very rare, even for the Earth in general ; 
they are much more so for particular places. From the 16th until the 
beginning of the 19th century, there were altogether nine total eclipses of 
the Sun, and seven annular ones. Paris, during all the 18th century, 
only witnessed a single total eclipse, that of 1724. London also, as little 
favoured as the capital of France, has not seen one since 1715. 

Since 1801, seven total eclipses have been observed, those of 1806, 
1842, 1850, 1851, 1856, 1860, and 1861. We give here those which will 
take place before the end of the present century, with the places where 
they will be total : 

L870. 3Sud Deoembar Azores, south of Spain, north of Africa, 

Sicily, ami Turkey. 
1887. I9th August . North.east of Qermonj', south of Russia, 

GentrFil Asia. 
1896. 9th August . . Greenland, Siberia, and Lapland. 
laOO. 8th May . . . Spain, Algeria, Egypt, the United States. 

None of them will be total at London. 

The eclipses of the Sun and Moon no longer are privileged to excite 
fear, at least among civilised nations. Instead of a superstitious terror, 
they inspire an interest of curiosity. Announced a long time beforehand, 
they testify to the precision of astronomical calculations ; and all are 
getting accustflmed by degrees to admire the fixed laws, order and har- 
mony, where formerly ignorance supposed but accidents, precursors of evil, 
and testimonies of the celestial anger. 

As to the astronomer, he finds in them matter for researches of the 
highest importance. Even the partial eclipses, the least intei'CEting of all, 
give him occasion to verify the exactitude of bis tables, by the agreement, 
or otherwise, between the hour predicted by calculation, and the hour really 
observed. But it is the total eclipses, especially the last ones — those of 
1842, 1850, 1851, 1858, 1860, and 1861,— which have been so fertile in 
Kew and precious facts. 

We propose to give a brief description of these facts, besides placing 
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156 THE SOLAR SYSTEM, 

under the eyea of the reader, in Plate X, drawings which re 
of the various phenomena observed. 

Let us follow tbe phenomenoQ in its progressive march. 

It is always the western border of the Sun which first i 
impression of the contact of the Moon ; and consequently it is the eastern 
border of the lunar disk which by degrees encroaches on the radiant body, 
until it covers it entirely. The eclipse is necessarily partial, therefore, 
before the moment when the last luminous thread disappears. The total 
obscuration, — the totality, as astronomers call it, — then commences. At 
the end of some minutes a fine luminous thread appears at the western 
edge, and the partial eclipse passes, in inverse order, through the same 
jibases as in the first part of the phenomenon. There are then, in all, 
four contacts of the two disks— two exterior contacts and two interior 

Attempts have been made to prove by the form of the horns of the 
luminous crescent the existence of a lunar atmosphere. Most observers 
have seen nothing. Nevertheless, the eclipse of the .1 8th of July, 18B0, 
furnished a curious fact on this point : one of the horns of tbe solar cres- 
cent appeared rounded and truncated. 
At the other extremity a contraction 
was remarked, which was followed by 
the separation of a Inminous point, and 
of a truncation identical with the first. 
To M. Laussedat we owe the com- 
munication of the photographic neg- 
ative obtained by him : the drawing 
(fig. Git) is an exact reproduction. 

[The phenomenon observed would 
appear to be somewhat similar to 
the peculiar notched appearance aome- 
tinies presented, called 'Baily's Beads.' 
These, however, are contidered by 
Mr. De La Rue to arise from atmo- 
spheric disturbance. This and the 
iiTegularity of the Moon's limb are, doubtless, sufiicient to account for tbe 
singular appearance.} 

Some minutes before and after, but especiaUy during tbe totality a 
luminous appearance in the form of a halo surrounds the Sun, and throws 
in every direction rays of light, separated by dark spaces. In many total 
eclipses, independently of the regular corona, other Ught portions, the rays 
of which have directions more or less eccentric, have been remarked 
irregularly situated on its contour. Plate X shows in detail the coronas 
of several total eclipses. The colour of the corona whjcb immediately 
surrounds tbe dark disk is sometimes of a pearly or silvery wliite, some- 
times yellowish, and even red. 

The explanation generally given of this corona is, that it indicates the 
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L Bolar atmosphere, enveloping the radiant body to an 
eiiormouB distance.* 

We now come to a phenomenon of great interest, which was noticed 
for the first time in the total eclipse of 1842, and which has since been the 
object of important and minute observations. 

Prominences of various forms and of a reddish colour were visible 
throughout the contour of the Moon's limb, during the period of totality. 
Some took the form of monn tain > peaks, others rose normally from the 
disk, and turned at right angles, others, again, appeared completely 
detached, as floating clouds might do. Their tint was sometimes of a 
bright red, sometimes rosy, here and there varied hy greenish-bltie. 
Arago regarded the latter colour as a simple effect of contrast. 

It has now been proved, beyond all question, that these protuberances 
belong to the Sun. If we examine with care the two drawings made by 
Mr. Warren De La Rue, on the total eclipse of the Sun of the 18th of 
July, 1860, representing these remarkable phenomena at the beginning 
and at the end of the totality, this fact will appear evident. 

We have already, however, in the chapter on the Sun, had occasion 
to discuss yet more convincing and instructive evidence on these points. 

Aa soon as the last luminous thread of light disappeared behbid the 
eastern edge of the Moon, the rose-coloured prominences were seen on the 
contour of the limb, where the solar crescent had just disappeared. On 
the opposite aide — the western one — they were not yet entirely visible; 
their tops only extended beyond the obscure disk, at ita upper and lower 
parts. The Moon, advancing, hid by dej;rees the prominences first 
observed, exposing to view, at the opposite aide, those previously covered. 
The facts, then, occur absolutely aa the hypothesis, now accepted on 
all hands, requires ; namely, that the prominences do not belong to the 
lunar disk, and are not optical effects caused by ita presence, but are 
absolutely part and parcel of the Sun, 

They were first supposed to be enormous mountains on the surface of 
the Sun. But the form of many of the prominences, and their occasional 
complete separation from the solar disk, soon caused this hypothesis to be 
abandoned. All the observed facts led to the conclusion that these 
immenae appendages, the dimensions of which reach 25,000 and even 
50,000 miles, in height and length,j- are possibly clouds, here adherent 
to a continuous stratum, which reposes on the Sun, here floating in an 
atmosphere fimited hy the corona. 

The intensity of the illumination of the atmosphere naturally dimin- 
ishes gradually during the entire duration of a total eclijae, from its 
commencement imtil the beginning of the totality, to again as gradually 
recover ita primitive intensity. This obscurity, during the phase of 

* [TbJB, lioweyer, has been since disproved as mentioned in the oliapter on the 
San, by the Bpectrosoopio observauoiiB made bj Lockjer, Wtillner, and cjtherg cm 
the solar promiuanEes and obramoapbere.^K- A, P.] 

+ The bighest prominence, in the form of a peali, moaKiired by Mr. Warren De 
La Eue in IbOO, was 43,000 miles in vertiesl heigln above the solar surface. 
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158 THE SOLAR SYSTEM, 

totality, !B, liowever, very far fronj feeing coini.-.letc. Thus only tlje 
brightest stars, and some of those of the second magnitude, are seen. 
The planets Venus and Mercury, Jupiter, Mars, and Saturn, however, 
have been hkewiae observed.. 

Terrestrial objects take by degrees a livid hue ; they are coloured 
with various tints, among which olive-green predominates. Orange, 
yellow, vinous-red, and copper tints, give to the landscape a singular 
appearance, which, joined to a very perceptible lowering of temperature, 
contributes to produce a profound impression on all animated beings. 

Arago thus describes the attitude of an entire population, awe- 
jmpressed by the magnificent and solemn sjiectacle offered by the total 
eclipse of the 8th of July, 1843. 

' At Perpignan, people dangerously ill alone remained in their rooms. 
The population from early morning covered the terraces, the ramparts of 
the town, and the bills outside, whence they hoped to see the rising of 
the Sun. At the dtadel, we had under our eyes, besides the numerous 
groups of citizens ou the glacis, the soldiers who were being reviewed in 
the vast court. 

' The hour of the commencement of the eclipse approached. Nearly 
twenty thousand people, with smoked glasses ia hand, examined the 
radiant globe, projected on an azure sky. Scarcely, armed with our 
powerful telescopes, had we begun to perceive a little encroachment on 
the western border of the Sun, when an immense shout, mixed with a 
thousand different exclamations, told us that we had anticipated only by 
a few seconds the observations made with the naked eye by twenty 
thousand improvised astronomers. A lively curiosity, an emulation, a 
desire not to be beaten, seemed to have given to the unarmed sight an 
extraordinary penetration. 

. 'Between this moment and that which preceded the totality, we 
remarked nothing in the behaviour of the spectators which deserves 
relating. But, when the Sun, reduced to a naiTow thread, began to 
throw on our horizon but very feeble light, a sort of inquietude seized 
upon every one ; each felt the desire to comm\micate his impressions to 
those by whom he was surrounded. Hence, a dull roar lilte that of the 
distant sea after a tempest. The uproar became stronger in proportion 
as the solar orescent became thinner. The crescent disappeared ; at last, 
darkness suddenly succeeded to light, and an absolute silence marked this 
phase of the eclipse, as absolutely as . the pendulum of our astronomical 
clock. The phenomenon, in its magnificence, triumphed over the petu- 
lance of youth, the careless air which some men take for a sign of 
superiority, and over the noisy indifference ordinarily assumed by soldiers. 
A profound calm also reigned in the air; the birds ceased to sing. 

'After a solemn waiting of about two minutes, transports of joy — 
frenzied plaudits greeted, with the same accord, the same spontaneity, the 
reappearance of the first solar rays. . . .'* 

* 'Annnaire du Bureau des Longitudes,' 184G, pp, 3^3-5. 
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ICLIPSES OP THE UOON, IRl 

Animals testify, by unmistakable rigns and movements, tlie effect 
■which echpse -phenomena produce upon tliem. Vegetation even is not 
altogeflier unaffected. In 1842, tiie leaves of certfin plants were shut. 
DnriEg the eclipse of July, 1860, M. Lauasedat, who observed it in 
Algeria, relates this fact : — 'The plants showed how rapid is the action 
of light, which they receive as by a kind of diffused sense in their corollas, 
for, in spite of the short duration of the totality, daturas, convolvnli, 
poppies, and night-shades, whieli had been closely shut, were observed to 
half open during the total eclipse.' 

The observations made during total eclipses of the Sun are very 
important and interesting from a physical and astronomical point of view, 
but so numerous that they would fill volumes. We shall confine our- 
selves,' therefore, to saying one word more on the phenomenon of the 
fpingee of the waves, alternately light and dark, which sweep over the 
Earth, in a direction perpendicular to their length, and the direction of 
which, when carefully measured, has been found to be parallel to the 
tangent at tlie first point of interior contact. These i'rinq'es ire leferred 
by M. Faye,* to an effect of oblique mirage, produced by a diffpience of 
density in the atmospheric strata which compose the cone ot the umbra 

[It is to be hoped that the famous ' Himalaya ' expedition to &pam 
in 1860, to watch the ech'pse which occurred in that year, will on ail 
future similar occasions be drawn into a precedent. Mr Warien De La 
Rue's Memoir, published in the ' Philosophical Transactions,' containing 
a complete account of the results of all his observations, and especially of 
his photographic ones, is one of the most valuable contributions to this 
branch of our subject possessed by astronomers. We would gladly, if 
space permitted, make large extracts from ii.] 



XII. 

ECLIPSES OP THE MOON. 

Conditions of Possibility nnd Visibility of Eclipses of the Moon — Partial and Total 

■Eclipses — Colour of the Lunar Disk during the Phases of a Total Eclipse — 

Pariodioity and Caloulatioa of Eclipses — Oeeultations of the Fixed Stars and 

Planets. 

Like the eclipses of fihe Sua, those of the Moon may be either partial or 

total ; but they ate never annular, the Earth's cone of shade being always, 

* This interesting pheoomenon was ohserved witli minute care bj MM. Laus- 

sedat and Mannlieim, members of the Coinmission sent by the Polytechnic School 

to Batna (Algeria), in July. 1880. They furnish ua. with the first exact measnrea 

of the direction and rapidity of these pbenomena. The following year (during the 

eclipse of 1861) a Prenth ofBoer, M. Powlain, repeated the measures, according to 

the indications of M. Mannheim. The Monthly Notices of tht Royal Astrnnomicai 

Secietg of London, mentiooing in 1863 this last observation, have omitted (we liQOw 

not why I to refer to the original obserraiion published in detail in tha Camptes 

Reiiilm rfe eAcade'mie drs Sciences lie Park, and in the Annales de FItysiqae et de 

CMmU, in the year 1800. 
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162 THE aOLAB SYSTEM. 

at the greatest distances of ouL- satellite tiom u muLli m le nmiilBiille 
than the Inaar disk itself. 

A fundamental distinction, howevei between the two flienomeiit is 
that while an eclipse of the Sim is visihle in a part cnl\ ot that teriestnal 
hemisphei-e which has that body above the horizon an eclipse of the 
Moon is visible from every part of the Eaith where she his not set 
This is not all : it is only successivelj that an eilip e of the "inn is 
observed at different stations, in proportion as the nmi la an 1 penumbra 
of the Moon traverae the surface of our globe but on the contiarj the 
obscuration of the lunar disk begins and terminates everywhere, n.t at the 
same hour, beoaase the hour variee according to the longitude of the place 
of observation, but at the same physical instant. 




The reader has already understood the reason of this essentia! differ- 
ence. In the solar eclipse, the surface of the radiant body is not really 
darkened, but only hidden by the obscure disk of the Moon, so that the 
interposition is an effect of perspective, varying according to the respective 
positions of the observer, of the Moon and of the Snn. The lunar eclipse 
is, on the contrary, produced by a real fading of the Moon's light, and 
the darkness consequent upon it is observed at the same instant every- 
where where the Moon is in view. 

The two diagrams, figs. 70, 71, show under what conditions an 
eclipse of the Moon is partial or total. When the Moon, in opposition, 
traverses the cone of shadow thrown by the Earth, at its thickest part, 
the eclipse is total and central, and its duration the greatest possible. 
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lation, the diameter of the Earth's shadow I: 
great as that of the Moon itself.f 

The colour of the shadow is at first a grcMsh black whieh permits 
ns to see nothing of the part eclipsed hut as the shadow gain*! on the 
lunar disk, a reddish tint makes its appearance and the details of the 
principal spota hecome visible. Between the lummoua crescent and the 
ruddy centre of the shadow is observed i band ot greyish blue 

* [There are occasions also when the Moon passes partiilly within the Earth s 
peiinmbra, without reaching the umbra. These edipsea are not note 1 in the Nan 
tieal Almanfto, hut the theory of eclipses can hRrdly be regEiclccl as complete without 
a consideration of them. An eclipse of this sort took place in September, 1S6S. I 
have proposed that they should be called, penumbral lunar eclipses. — K. A. P.] 

+ The mean diameter of the Earth's ^adow at the distance at whioh eclipses 
occur, is about 83', whilst the lunar diameter is onij 31'. 
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ronitheti/e tttalt\th icl be ouies n ore ii ten e and is soon 
Kjrend ei the wl !e f tli& d al ^ccoilug t Beei md Madlcr the 
Huisli tmt 18 if a dark gre> wlien mjared with that j.art of the Moon 
illuminated by the Sun it beems bhe ind clearer than the red, if 
ompaied with the lattei 

Some minutes before the reaj pparance it the light on the opposite 
Riie of the disk the bluish tint shghtlj colours tliat side also, and the 
phases of tlie eclipse aie repraduced in an in^er e oidei until the entii-e 
emersion ot the Moon 

The Moon therefore does not alwaj completely disappear in total 
eclipses The can^ f this fact hes in the lefriction ot the solar raya in 
traversing the lower stiata of the Earth s atmo=phere they are diverted, 
and purple our Moon with the tints of sunset 

It sometimes happens however that the Mxn 1 ecomes quite ii msi 
ble during a total echpse as e">Lamples ot this we mai qiota tl e eclip es 
of 1642 and 181b At othet times the visibility without being abso 
lutely ml, is veiy indistinct ■ne find the e">Lplai ati n of these ciu im 
stances in the state ot ni atmospheie at the time on the periphery of o ir 
Earth which compiisee the places where the 'sun is rising an 1 settmg -it 
the moment of the echpse 

Another phenomenon which happens however \er) rarely apj ears 
eontradictoiy to the geometric and astronomic il theoi v of e lipsea We 
refer to the simultaneous presence of the Sun and Moon during the 
phenomenon. The first of these bodies setting at the moment when the 
other rises, it would seem that the Moon, the Earth, and the Sun, are no 
longer in a straight line. This appearance again is owing to refraction. 
The Sun, actually already below the horizon, is raised up by refraction, 
and remains visible to us. The same thing happens to the Moon, which 
is not yet really risen, althongh we see it. The eclipses of 1666, 1668; 
and tbe 19th of July, 1750, may he quoted as having presented this 
singular circumstance. 

We must now bring our notices of eclipses to a conclusion, by saying 
a word on their periodicity. 

About every eighteen years, the Earth, Moon, and Sun, again occupy 
the same relative positions. This is a fact which the ancients proved by 
observation long before the theory of the celestial movements had demon- 
strated ita near approach to the truth. If, then, we start from the epoch 
of an eclipse of the Sun or Moon, that is to say, from a lunar opposition 
or conjunction coinciding with one of the nodes of the Moon, after eighteen 
years the three bodies will again be found in a situation nearly identical. 
Ilence, the eclipses which succeed one another in tbe tirst period follow 
again and in the same order during the second period. 

This is the principal point of departure in the calculation of eclipses ; 
but the approximation is too rough for modem astronomers to content 
themselves with, and nowadays eclipses are foretold for many years in 
adyanee, true to a second of time. 
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The Moon, in traversing ita orbit round the Earth, produces again 
another kind of eclipae, to which the name of occuUation has been given. 

We Bay that a planet or a star is occulted when it passes behind the 
hinar disk. We have spolcen of these phenomena with reference to the 
question of the exiatenee of an atmosphere on the surface of the Moon. 

Let US add that the occnltationa of stars are calculated like eclipses, 
and that, as they are frequent, they have been made of use to our 
navigators. The Moon beiag very near the Earth compared with the 
distance of the eta ■s a d e en ot the phnets t follows that two observers, 
placed in two d fte ent ] arts of the globe do not see t j ojected at the 
same instant on tl e same pa t of the heavens The o eultat on of a star, 
therefore, does not t^l e f la e to them at tl e same nsta t ot t me 

The Btarrj bea ens resemble f om th e po nt t v ew an universal 
dial, of which the Moo s the m n te hand ma k ng tl e t n e at mce in 
all parts of the Eartl Th nl a to the table calculated bj astronomers, 
these various hou s can be conve ted tl e one nto the ofhe ind the 
traveller in the de e t ell a h 1 t e ses 1 e o e n s thus 
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XIII. 

THE METEORIC RINGS. 

Shooting or Falling Stiirs— 'Star-showers' — Their Numbers — Radiact Points — 
Eeoent Discoveries raBpaeting the Poaitioa, Form, and Inclination of the Metaorio 
Kings — Heighla, Velocitiea, and Weights of Shooting Stars — Luminous Meteors 
(Bolides). tSeic Telescopic Appaaranee — -Meteorites; Professor Maskelyne's 
Classifioadon ; Mr. Sorbys Mierosoopic Esaminatjon of them, and its results — 
Bemarkable Meteorites. 

Every one is familiar with shooting or falHng stars. We have all seen 
their luminous trains furrowing the heavens during the night, hke so 
many brilliant points suddenly detached from the celestial vault. Ai-e 
these appearances, now rare and isolated, now numerous and periodical, 
due to meteors of atmospheric origin, or must they be considered as 
manifesting the existence of bodies situated in the extra-terrestrial regions? 
The place which our description of these phenomena of the solar system 
occupies shows pretty clearly that it is to this last conclusion that science 
has definitely come. 

The number of shooting stars is very variable according to the time of 
the year ; hence the distinction between iporadic meteors and the sJwmers 
of shooting stars which appear in the nocturnal sky in large numbers, and 
genei'ally periodically. During ordinary nights, the mean number of 
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shooting stai's observed iu an interval of an hour is from four to Ave, 
according to some observers ; it is as high as eight according to others.* 

But at two periods of the year, about the 10th of August and the 
11th of STovember, these phenomena are much more mimerons, and the 
number of shooting stars observed in one hour is often more flian tenfold 
that seen on ordinary nights. Let na quote, for the month of August, tlie 
observations of Oapocci and Nohile, who, in four houre, coimted at Naples 
1000 shooting stars (10th of August, ISS',1}, and those of M. Walferdiii, 
who in an hour observed 316 (at Bourbonne-les- Bains, in the night of 
theSth-athof August, 1836). It is to this phenomenon that popular 
tradition fonneriy gave the name of ' St. Lawrence's tears.' The laminons 
trains beinj; nothing else, to the naive populations of Catholic Ireland, 
than the burning tears of the martyr whose feast falls on the 10th of 
August. 

The month of November has furnished still more extraordinary facts, 
and the appearances of the 12th of November, 17'J9, and of the night of 
the 12th-13th of November, 1833, are well worthy of mention. Humboldt 
and Bonpland, who were at Cumana on the first of these dates, relate that 
between the hours of two and five in the moraing, the sky was covered 
with innumerable lumiaons trains, which incessantly traversed the celestial 
vault from north to south, presenting the appearaace of fireworka let off 
at an enormous height ; large meteors, having sometimes an apparent 
diameter of one and a half times tliat of the Moon, blending their trains 
with the long, luminous, and phosphorescent paths of the shooting- stars. 
In Brazil, Labrador, Greenland, Germany, and French Guyana, the same 
pheaomena were observed. 

The Khowers of the 12th-13th of November, 1S33, were not less 
extraordinary. ' The meteors were observed,' says Arago,-j" ' along the 
eastern coast of America, from the Gulf of Mexico as far as Halifax, from 
nine o'clock in the evening till sunrise, and even, in some places, in full 
day, at eight o'clock in the morning. They were so numerous, and were 
visible in ao many regions of the sky at oace, that in trying to count theni 
one could only hope to arrive at a very rough approximatioa. An 
observer (Olmsted) at Boston compared them at the moment of maximum 
to half the number of flakes whidi are setin in the air during an ordinary 
fall of snow. When the brilliancy of the display was considerably reduced, 
he counted 650 in 15 minutes, though he confined his observations to a 
Eone which was not a tenth of tlie visible horizon. According to him, this 
number was but two-thirds of the total ; thus he estimates the number at 
866, and in all the visible hemisphere, 86t>0. This last value would give 
during each hour 34,640 shooting stars. Now, the phenomenon lasted 
more than seven hours, find therefore the number seen at Boston exceeded 

* This hourly mean ia from five to six, according to Olbers ; from four to fivt-, 
according fo Dr. J. Selimidt; five to seven is giyen by M. CoHlyier-Gi-oiier, iind 
Saigey ; and, lastly, eight by M. QuitdeL 

f ' Astronomie Populaire,' vol. iv, p. a K). 
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240,000; and yet it must not be forgotten that the l^asea of this calculation 
were obtained at a momi'iit whon the display was already notably on the 
decline,' 

[Mr. Kewtun, an American astronomer, who has given much attention 
to this subject, finds that the average number of meteors which traverse 
the atmoapliere daily, and which are large enough to be visible to the 
" " " " " " 1 n '"500 000 d pi in* 
umb w h b 

m d h p ce p d 



ifilied eye on a dark clear night 
the same reatwning to telesoojj 
increased to 41)0,000,0001 If 
by the Earth's atmosphere, we fi d 
lai^ as the Earth, of the sp 
about the Sun, thei-e ai-e as man 
aa would furnish a shooting ata 
the naked eye. If telescopic m te 
increased at least forty-fold.] 

Several less important perio h 
the year, hut they have not the n: 
November. 

These last- mentioned peric 
number of shooting stars observed. 



E h tr 



From ) 



of 110 stais, m 
August, 1848, the number was reduced to 40 in 1858, and since then the 
numbers in the same month have regained their upward march. The 
November shower, of old so remarkable, is now reduced to the point of 
being less remwkable than that observed at night towards the end of 
October. Since 1862, however, this shower is again increasing in numbers, 
[and in 1866, 1867, and 1868, it has afforded very remarkable displays.] 

Most frequently the paths descnbed by shooting stars have the appear- 
ance of straight lines. The luminous trains left in the heavens by their 
rapid movement, enable us easily to verify this fact. But there are ex- 
ceptions, and stars 'of this kind have been seen to describe, before disap- 
peaiing, strangeSy curved paths. 

Their brilliancy is also very variable : some have surpassed in apparent 
siaa the most brilliant fixed stars, and even Venus and Jupiter. The 
colotir likewise varies. 

On observing a given number of shooting stars, it has been found that 
about two-thirds are white ; while yellow, i-eddish yellow, and green 
characterise the remainder. 

. We now come to a fact of great importance, which has thrown much 
light on the origin of these meteoric showers, and revealed their cosmical 
nature. In observing the direction of the trajectories on the celestial 
vault, it has been noticed that the greatest number of those observed at 
any one time are emitted from the same part of the heavens, called the 
radiant point, because from it they radiate in all directions. 

The star Mu in the constellation of the Lion (^ Leonis) is the point of 
the November ahowere, whilst Gamma in I'erseus (y Persei) is the radiant 
points of the stars observed in the month of August. No less than 
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56 radiant points have beea showii to exist in difftvent seasons of tlie 
year. 

We must infer from these facts, tliat sliooting stars are luminous tiodies, 
the movement of which is independent of the rotation of the Earth, and 
that they are external to our atmosphere. This conclusion is singularly 
corroborated hy this other fact, that the radiant points in the Lion and 
Persena are precisely those towards which our globe is travelhng, in its 
annual movement round the Sua, at the two epochs of November and 
August. 

Astvouomei-s have therefore concluded, that the appearance of shooting 
stars is caused by the Earth's p^sage through rings composed of myriads 
of these bodies circulating, like the larger planets, round the Sun, and the 
parallel movements of which seen from the Earth seem to radiate towards 




liadiant Point of Meteors ob^edi^t Huwktiucsc.'NoT.'is. " "(Mr! Aroxauder Hsrsohel., 

that part of the heavens approached by oar Earth, The appearance re- 
qaired by this theory is exactly that which is represented to us. 

At first it was a question, whether there existed one ring, the various 
regions of which, sometimes richer, sometimes poorer in cosmical matter, 
could give rise to the varying phenomena observed. Or whether we should 
admit the existence of many separate rings, successively traversed by the 
Earth. 

II will be seen, ia fig. 73, how the periodical appearances of August 
and November can be explained on the hypothesis of a single ring. We 
may suppose that the plane of the meteoric ring coincides exactly, or nearly 
so, with that of the ecliptic, and that the orbit of the meteors is a more 
elongated curve, or one of greater excentricity, than the terrestrial orbit. 



Hosted by 



Google 



as. ]69 

[This view, tovvever, is not in accordance with the observed positions of 
the ■ radiHLit-poinCa' of these eystema ; and has recently been completely dis- 
proved, — R. A. P.] A single inspection of the figure will show that the 
Earth should encounter a lai'ge number of meteors, ia travelling from its 
aphelion in July to its perihelion at the end of December, than in the oppo- 
site period of its revolution. 

Now, if we suppose two rings inclined at different angles to the plane 
of the ecliptic, and cutting this plane, one in August and in February, the 
other in May and November, we can also account both for the two maxima 
and minima of the year. 

[It has now been demonstrated that meteors belong to systems of bodies, 
travelling in orbits of all degrees of escentricity aroimd the Sun ; and further, 
that the Earth encounters more than a hundred sucit systems in the course 
of her annual revolution. 

As regards the two systems which produce the November and August 
showers, our evidence is very complete. The first circumstance which 
suggested the possibility that shooting stars may travel in very eccentric 
orbits, was a somewhat singular one. Schiaparelli had noticed that the 
comet of 1862 passed very close to that part of the Earth's orbit where she 
eneoautevs the August meteors, and he was led to inquire whether on the 
supposition that the meteors have an orbit as excentric as that of the comet, 
the two orbits would agree in other respects. He found the agreement 
singularly close. The evidence thus adduced, though founded on an assump- 
tion, was of a very remarkable character, because there are millions of 
possible orbits fulfilling this assumption and also crossing the Earth's 
orbit in the same place as the path of the comet of 1862, which yet would 
show no resemblance whatever to the path of that comet Schiaparelli 
accordingly expressed the opinion that the agreement cordd not possibly 
i-esult from accident, — that in other words some physical association exists 
between the August meteors and the comet of 1862 (described and pic- 
tured further on.) But, ulthough the evidence rightly understood was 
demonstrative, it is probable that very little attention would have been 
paid to it, but for an unexpected confirmation which it presently received. 

In 186^, tlie November meteors attracted an unusual degree of atten- 
tion on account of the wonderful display they presented on the morning of 
November 13th, in that year. Since these meteors attain their maximum 
of splendour at intervals of about 33 years, or more exactly about thi-ee times 
in each century, the idea would naturally have been suggested that they 
travel in an orbit whose period is about 33^ years, had it not been for the 
circumstance that an orbit of that period would cany them beyond the 
orbit of Uranus. Astronomers were not prepared to admit so surprising 
a result, where a simpler explanation was available. Accordingly the theory 
was suggested that the meteors travel in a period of one year,^?!(s or minus 
a thirty -third part. This would account for the observed tri-secular recur- 
rences of maximum displays. But the place where the November meteors 
cross the Earth's orbit is sbwly shifting, owing to planetary perturbations, 
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and this fact enabled Pvofessov Adnms to test the A'arkins oi'bits assigned 
to the meteor system. He found that orbits cf short period would not 
account for the observed displacement of the nodes of the meteor- system. 
He was led accordingly to try the period of 33 J years. After overoomiiif; 
the great difficulties resulting from the veiy eccentric character of the 
the corresponding orbit, he found that this widely extended path, by which 
the meteors are carried beyond the orbit of Uranus, and subjected to the 
perturbations of the giant planets outside the zone of asteroids, accounts 
perfectly for the observed motion of the node. 

It was demonstrated, therefore, that the November meteors revolve in 




a period of about 33,^ years, and in an orbit resembling the eccentric cometary 
orl)its. Scbiaparelli's discovery respecting the August meteors now naturally 
attracted fresh attenfaon. The question was asked, whether a comet could 
be found whose orbit should correspond with that of the November meteors. 
After seai-ching among all the more noted comets, astronomei-s examined 
telescopic ones. At length they found a small comet (Tempel's), onlj/ 
discovered a few months before, whose path agreed in the most remark- 
able manner with the orbit of the meteors. Peters, Leverrier, Adatns, and 
other astronomei-s, helped to demonstrate the identity of the two orbils, 
respecting which there is now no shadow of doubt. 
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G3. ITl 

This comet, too, it fortunatoly chances, is n f tl li liliavebeen 

subjected to spectroscopic analysis by Mr. Hugg n w th Its which are 
described further on. 

Now that we know that the meteor- system co t d by the Earth 
travel in orbits of great extent, exeentricity, ai d a 1 nat have every 

reason for beheving (or rather it must be held t b 1 mon trated) that 
the total number of meteor-systems within th la d main a practically 
infinite ; for only on this supposition can it be a t d f tl at the Earth 

encounters so many of these systems. — E. A. P ] 

The heights of a great number of shooting stars at the moment of their 
appearance and disappearances have been determined. 

' Shooting sturs,' saya Humboldt,* ' descend nearly to the summits of 
Chimboraeo and of Aconcagua, at 8750 yards above the level of the sea.' , 

[Much attention has lately been given in England, America, and Italy, 
to this subject. Mr. Hevschel, who is to England what Mr. Newton is to 
America, baa recently collated the observations undertaken to determine 
the heights of meteors. It appeai-s that the heights of shooting stars at 
Borne are sensibly the same as in those latitudes of Northern Europe and 
America where they have chiefly been observed ; and this height, aa deter- 
mined from the most trustworthy observationa since 1798, may be stated 
to be respectively 73 and 63 miles, at first appearance and disappearance 
above the surface of the Earth, with a probable eiTor of not more than two 
or three miYes.] 

The height of a shooting star, at the two extremities of its path, and 
the time of its flight, are elements which enable us to deteimine the mean 
velocity of the body. This velocity often exceeds the velocity of the trans- 
lation of the Earth, which is nearly 18 miles a second. Meteors have been 
observed which have traversed space with the enormons rapidity of 43 
miles, and others 50, and even 100 miles a second; that is. from two to 
five times the velocity of the Earth. 

[The average velocity of shooting stara, however, in tifi instances 
obsei-ved by Mr, Herschel, is 34'4, or in round numbers 36 miles per 
second.] 

The tremendous velocity with which these meteors traverse the celestial 
spaces enables us readily to understand their incaudescence when they 
enter our atmosphere ; composed of easily inflammable matter, like some 
sulphureous metallic combinations, the intensity of the friction which tliey 
undergo in the upper strata of our atmosphere results in a very great rise 
of temperature sufficient to produce incandescence. 

[Mr. Herschel has roughly estimated, according to the dynamical theory 
of heat, the weight of twenty shooting stars, and found it to be on an 
average a little more than two ounces. A similar estimate of the largest 
meteor observed in 1863 gave two hundredweight.] 

Differences of chemical composition and of degrees of incandescence also 
account for the diversity of colours which are observed, 
• ' Cosmos,' vol. iii. r- U15' 
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Ill the immense niiTnLer of mefeora wliidi invade the regions of the air 
in a year, there are some perhaps that only pass through its domain and 
continue their path in space, after havmg preaeEted us with the spaetacle of 
a transient illnmination. A great numlier, on the other iand, not only do 
not again leave our atmosphere, heing vaporised therein, but, when of large 
size, attain the very surface of the Earth, Falls of stonea, ferruginous 
masses, and dust.fi-om the upper regions of the air, are proofs of this assertion. 

From shooting stars to meteors, or bolides, the transition in oar 
narrative ia easy : the difference between these two orders of phenomena is 
not very strongly marked. 

Bolides are luminous bodies of circular, or rather of spherical, form, 
and of sensible apparent diameter. Like shooting stars, they appear sud- 
denly, but generally they move more slowly, and disappear after some 
seconds. Their Ught is ordinarily less vivid, but their much more 
considerable apparent dimensions are sufficient to compensate this difference 
of intensity. The illumination of the landsca|3e by the presence of a 
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meteor sometimes approaches that of moonlight. Most of them leave 
behind a himinous train ; others explode with violence, and sometimes the 
explosion is accompanied with reports like discharges of artillery. 

The appearance of meteors is more rare than that of shooting stars. 
the total number of observations recorded amounting at most to a 
thousand, reckoning those recorded by the ancients. 

A curious circumstance, and one which helps to prove the relationship 
between the shooting stars and meteors, is the fa«t that the appearances of 
meteors are more frequent in August and November than at other epochs 
of the year; and the total number from July to December exceeds also 
that observed from December to July. 

[One of the most curious obsei'vations of a meteor which have been 
recorded, leaving that of 1783 out of the question, was recently made by 
Dt, Schmidt, who was fortunate enough to observe a large meteor in a 
telescope, under a magnifying power of eight times. The fire-ball was 
twin, and was followed by several smaller ones, following side by side with 
parallel motions of translation until all were extinguished (fig. 74). This 
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observation lends fnrcu to tliL' suppusition that meteors exist in space an a 
crowd of bodies, revolving round eacb otber, befiire they enter our 
atraoapbere,] 

The heights of meteora from the surface of the Earth are often very 
considerable ; they vary between 7 and 310 miles. It must then be held, 
as remarked by Arago, that the sudden incandescence of meteors is pro- 
duced in regions where it waa formerly supposed that the strata of the 
terrestrial atmosphere were so rarefied that all action of its elements on the 
matter of the shooting stars would be regarded as impossible. 

It has been suggested, not without some probability, that the attraction 
of the Earth is susceptible of retaining meteors in the state ofpermauent 
satellites ; and astronomical treatises quote the calculations of a French 
astvoriomer, M. Petit, of Toulouse, who assigns to one of these bodies a 
revolution round our globe, the ]>eriod of which would be three hours and 
twenty minutes. The distance of this singular companion of our Moon is 
COOO miles from the surface of our Earth. 

We are here brought naturally to say a word of the falls of meteorites 
— stony and ferruginous masses, which, leaving the interplanetary spaces, 
have at various times astonished our jiopuiations by their unexpected 
faU. 

[Professor Maskelyne has recently made a convenient classification 
of meteorites into 'Aerolites or Meteoric Stones ;' ' ASrosiderites or 
Meteoric Iron}' and ' Aerosiderolites," which includes the intervening 
varieties. 

Thinldng that, unlike all terrestrial rocks, meteorites are probably 
portions of cosmical matter, which has not been acted upon by water or 
volcanic heat, Mr. Sorby was led to study their microscopical structure. 
He has thtis been able to ascertain that the material was at one time 
certainly in a state of fusion ; and that the most remote condition, of 
which we have positive evidence, was that of small, detached, melted 
globules, the formation of which cannot be explained in a satisfactory 
manner, except by supposing that their constituents were originally in the 
state of vapour, as they now exist in the atmosphere of the Sun ; and, on 
the temperature becoming lower, condensed into these ' ultimate cosmical 
particles.' These afterwards collected together into larger masses, which 
have been variously changed by subsequent metamorphic action, and 
broken up by repeated mutual impact, and often again collected together 
and solidified. The meteoric irons are probably those portions of the 
metallic constituents which were separated from the rest by fusion when 
the metamorphism waa carried to that extreme point. Though at present 
he looks upon it as a mere hypothesis, he ventures to suggest that there is 
a similar relation between these ultimate cosmical globules and planets that 
there is between the minute drops of water in the clouds, and an ocean ; 
and that the study of the microscopical structure of meteorites reveals to ns 
the physical history of the solar system at the most remote period of which 
we have any evidence.] 
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It ia now universally admitted that ttere ia an intimate relation 
between tte phenomena of shooting stars, meteors, and meteoric falls ; as 
the falls have been in several instanees known to occnr after the appearance 
of a meteor. 

On the 26th of April, 1803, at Aigle, Deportment of Ome, a few 
minutes after the appearance of a large meteor moving from south-east to 
north-west, which wis iLso perceived at Alencon Caen, and Falaise, a 
frightful explosion, followed by detmitiwns similar to the noise of cannon, 
or tlie roll of musketiv [r^ceedel from a smgle bhck cloud in a very 
clear sky. A large qt mtitj ot mete ncal stones still fuming, was found 




1 the suiface of the ground over an extent of conntry measuring not loss 
than SIX m les in tho direction of its greatest length The largest of these 
stones weighed rithei le«a than twenty four pounds 

Moie recently m the evening r f the 1 oth of Mai < 1864, the identity 
of meteorites and mefeois was evidenced by the appearance, explosion, and 
fall of a splendid meteor, which was observed over a great extent of France. 
A globe of brilliant light, leaving behind It a whitish train, was shattered 
rocltet-wise into numerous fragments. A noise like the prolonged rum- 
bling of thunder followed the explosion at some minntea' interval, and a 
fall of stones which took place over abont two scinare leagues enabled the 
extra -tellnric matters of which the meteor was composed to be examined. 

Aerolites and aerosiderttes of the same origin, but of much more 
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considerable siae, have been collected in different mHseuraa. M, Danbrfo 
haa permitted iis to reproduce here, in figs. 75 and 76, two of tlie most 
beautiful upecimens of meteorites now known. The first is a block 
of pure iron, found in a plain in the department of Var. which weighs 
upwards of eleven hundredweight. It is vary remarkable for its crystal- 
line structure, visible even on its exterior, but rendered still more evident 
by a section made artificially at one of its angles. 

This is one of the ti-easnres of the mtneralogieal galleries of the 
Natural History Museum of Paris; where, thanks to the zeal of M. 
Daubrfe, the number of meteorites gathered from different points of the 
globe is increasing daily. 

Mineralogists and chemists have analysed these meteorites with great 
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ciie and it has been found that their composition is nearly always the 
sime whafeverdifference their external aspect presents. Oxygen, sulphur, 
phospl 5ms and carbon, silicium and aluminium, potassium, sodium, 
sulphide ot iron, metallic and magnetic iron, and other metals, such as 
nickel, cobalt, manganese, tin, copper, &c., liave been recognised among 
the substances of which meteorites are composed. Latterly, the presence 
of nitrogen has been detected, besides the eighteen simple bodies, of which 
the principal have just been cited. 

It is worthy of remark that all the simple bodies found in meteoric 
stones are known in our own planet. The chemical combinations of these 
bodies do not differ from those with which we are acquainted, excepting 
two or three, of which one, schreibernite, has been recently artificially 
reproduced.* 

* Bj MM. Faj-e and H. Devilte. 
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176 THE SOLAR SYSTEM. 

Thus, tlianka to the phenomena which we have deaorihed — meteorites, 
meteors, and shooting stars — the planetary spaces, whielj seemed for ever 
Bimt out from direct investigation, have been correlated with our Earth. 
These masses, imdeffled until the time of their fall by living contact, 
relate to ua the mineralogy and chemistry of a whole region of the sky. 
By combining the indications which they furnish with the marvellous 
revelations of spectrum analysis, man is beginning to obtain precise 
notions on the composition of the most distant celestial bodies; and he will 
thus expand those ideas which tie laws of attraction, of light, and of hefit, 
have already enabled him to hold on their physical constitation. 



XIV. 



Movement tif Mars round tJie Sun — Mars, in Opposition : Conditions necessai7 for 
a lavonrable Opposilion — Bright nnil Dark Spots — Efi'eots of the Iransit of 
Clouds — Colour of the Planet's Disk; Why MiU* is sometimes Red— Polar 
Snows — Melting of the Polar Snows — Eotolion — Seasons and Climate. 

In pursuing our exploration of the solar world, we meet with Mars after 
the Earth ; it is the next planet in Ihe order of distance from the Sun, and 
therefore the first, the orbit of which encirdea that of the Earth, or of those 
bodies which are called by asti-onomera Exte.Tior or Superior Planets. 

At successive [average] intervals of two years, one month, and nineteen 
days, its movement of revolution brings it in opposition with the Sun ; 
that is to say, in. a line passing respectively through the centres of the 
Sun, Earth, and the planet. Mars is then comparatively very near to us, 
and in an extremely favourable situation for observations of its dish ; 
indeed, excepting the Moon, there is no planetaiy body, the physical 
constitution of which has been better studied. 
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because the plm^es of its disk are extremely small Thoy exist, however. 
It is easy to account for this difference, wMch we shall find more decided 
still ill the planets furthest from the Sim. 

When Mara and the Earth are hronght, hy their movements of 
translation round the Sun, into a straight line with it (see fig. 77), but in 
such a manner that we are placed between the Sun and tlie planet. Mare is 
presented to us under the form of a completely illuminated disk. It 




presents the same appearance whea it is on the other side of the- Sun. In 
the intermediate positions, there is but little perceptible change in the 
appearance to that presented at conjunction or opposition,* At certain 
distances, however, from these two extreme positioiis,^ Mars presents to 

* iLat us caminil tlie reader that a plmiatia in Ooajanction wihen it is on the sauia 
line 0,3 the Sun, between it and the Earth. It is in Oppositioa when on the same 
line as the Sun, but on the opposite side of the Earth to the Sua. 

f At the qvadraturcn, or in the position in which lines drawn to the Karfh and 
Sun form the greatest possible wigle. 
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178 THE SOLAR S 

US a alight portion of its dark hemiiphi 
always by far the laiger 

The aspect of Man at this time caused Sir J. Herschel to apply the 
term gibbous. The appirent torm of the planet then is that of the Moon, 
two or three days before oi aftei lull. 

However slight this phase, it sufR 
that Mare is not self luminoufl, and w 
other planets. 

If we consider tlie orbit which Mi 
readily see bow it is that this planet is most favourably situated for 
observations of the physical particularities of its surface. 

The two inferior planets. Mercury and Venus, oscillating at small dis- 
tances round the Sun, are often bid in its rays ; besides, during their 
periods of visibiKty, they show us a considerable portion of their dark 
sides. It is not thus with Mars, which is only lost, once in a revolution 



:, although the luminous part is 



is to prove, as we have before said, 
shall see that it is thus with all the 



8 describes round the 8 




in tl 1 ■) and is almost without phases. We have before said 
til t mIi ft pe ior planet is in opposition with the Sun, its distance 
fr m tl E th least. At this epoch, indeed, this distance is measured by 
thed ff rencehetw en the distances of the planet and the Earth from the Saa. 

L t 1 1 nto this statement a little closer with regard to Mars. 

Like all planets. Mars describes an orbit which is not circular, so that 
its distance from the focus of the system varies continually. At its 
greatest distance from the Sun, Mars is 15?,000,000 miles removed ; at 
its minimnm distance, 132,000,000 : its mean distance being 1J,6,000,000 
miles. Thns the difference in the distance from the Sun at perihelion and 
aphelion amounts to 27,000,000 miles. These numbers indicate an orbit 
of considerable ellipticity. 

From this follow also enormous differences in the distance of Mars from 
the Eaith ; in their various relative positions ; whilst the planet is some- 
times distant from us 256,000,000 miles, in its most favourable opposition 
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t is not more than 33,000,000 miles away from us — a distance seven 
times less than the first. 

It will not be astoiiisliing, then, in glancing at figure 78, to find such 
great differences between the apparent dimensions of the disk of Mars, 
seen from the Earth at its extreme and mean distances. 

[We may, with advantage, pursue this subject a little further, i. In 
the case of an in/erior planet, if we suppose, bearing the elliptic form of 
the orbit in mind, the perihelion of tbe Earth to coincide in direction — or, 
as astronoiners put it, to be in the same heliocentric longitude — as the 
aphelion of the planet, it will be obvious that the conjunctions which 
happen in this part of the orbits of both will bring the bodies nearer 
together than will the conjunctions which happen elsewhere. Similarly, 
if we suppose the aphelion of the Earth to coincide with the perihelion 
of a superior planet — let us say of Mars — it will be obvious that the 
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Mais tra^er.es its orbit with vaiyino velocities. Its mean rate of 
motion is upwards of 6i,000 miles an hour, or about 16 miles a second. 



•f [In Mr. Lociyer's ' Elementary Lessons of Asfronomy ' will lie found at p. 
185, a flgnre showing the suooessive conjunction lines of Msrs and the Eartli during 
the years 18se~ly71. It ia borrowed from a plate illustrating an avtinle by the pre- 
sent ffriter in the ' Popular Soieooe Review ' for January, 1 ti87 . — R. A. P. j 
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180 THE SOLAR SYSTEM. 

The apparent diameter of Mars is less than that of Venus ; this is 
due to two causes; iiratly, Venus approaches nearer the Earth, and, 
secondly, the diameter of that planet is larger in reality than that of Mars ; 
it exceeds it by about three- fourths. The diameter of Mars ia 4113 miles, 
that is, a little less than half that of the Earth, which is nearly 8000 
miles. 

Lastly, whilst the surface of Mars is scarcely more than a quarter of 
the Earth's surface, its volume does not esceed the aeventli part. Nevev- 
theless, it is more than double that of Mercury, and about seven times 
that of the Moon. 

We now amve at a subject of extreme interest — the physical con- 
stitution of the planet. 

To observe Mars, we must choose the most favourable epoch — that of 
opposition ; and, if possible, of wi opposition when the planet, as we have 
before explained, is at its greatest possible proximity to the Earth. We 
must also furnish ourselves with a powerful telescope, one, if possible, 
driven by clockwork, so that it exactly keeps pace with the planet ia its 
westward course. 

Let us turn our instrument on the reddish luminous point of ijght, on 
a clear night, when the air is calm and i^harged with irioisture, .and the 
height of the planet above the hoi-izon is the gireatest.pos8ible,,ao that we 
shall have the least possible thickness of atmosphere to penetrate. It will 
be then nearly midnight, since it is towards that hour that iill planets 
culminate — that is to say, pass the meridian — at opposition. 

The disk of the planet will appear of a nearfy circular foroi, perfectly 
well defined, and overspread with light and darfc spcrts, which differ 
considerably in tone and colour — tone especially. The brighter portions, 
excepting in two points nearly diametrically opposed, are sometimes of a 
reddish tint, whilst the dark spots, as some hold, by the efeot of contrast, 
as others hold, absolutely, seem of a blue or greenish grey. Throughout 
its circumference the disk is more luminous than the central part ; tlie 
dark spots also are effaced and disappear at the limb. 

Lastly, at two points, of which mention lias been before made, which 
are not sitaafed at the extremities of a diameter, two spots of unequal 
extent and of esti-eme whiteness, which contrasts with the i-eddish parts, 
shine witji a veiy particular brightness.* These two spots mark uear 
the poles of Mars. [Both are visible when the planet is observed at the 
time of its solstices ; at /others, only the one bowed down towards the 
Earth can be seen.] 

* ' The colour of the pokv spots' (we quote Beer and Maiiler) ' were, every time 
lie planet was distinetlyseenjiBlwaysflf a bright and pure white, in no way similar 
to the oohjur of the other parts cf .the planet. In 1887 it happened onoe that Mars, 
during the observations, was completely obscnred hy a doud, witli the exception of 
the polar spot, whioh yqmained distinotlj .lisible to the view.' — Frnjiments sar les 
Corps Cilales. 

Arago estimated tha,t the brightness of the polar spots is more tlian double tJint 
of the ottier br^ht apota. .on the edge of the djsli. 
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All the appeai-aneea on the surface of the jilanet may be divided into 
permanent and variable ones. The permanence of the features, that is to 
say, the constancy of their principal shapes, and of their relative sitnations, 
h 88 been proved by nnmerouB and minute observations — a matter more 
difficult than might be imagined at a first examination. Indeed, aa the 
observation of the spotfl shows, the planet hfls a movement of rotation 
effected in about 24| Jiours. Hence it follows that in a few hours the 
aspect of the disk changes : of this we may gain an idea by examining 
figures 80 and 81. Besides, when, in cnnser[nence of the movement of 
rotation, a spot approaches the edge, if disappears before having attained 
it This dwappeirance ib owinif, doubtless to the itmoaphere of Mars, 
Been III thise p unts tinder t gieit obliquit\ -^ud the I ii(j;htness of which 
effaces the d^rkei tint ol the spr>t 




Lastly, the orbit of Mara does not coincide with the ecliptic : the two 
planes form a slight angle (1° 51'). But if to this is joined the much 
greater incKnation of the axis of rotation, we shall readily see why, at 
successive opposition, Mare does not present to the Earth the same por- 
tions of its surface. Henee changes produced by perspective, so much 
more dedded as a spherica! surface is in question. 

The variability, i-ften very rapid, which is observed in the form of the 
features which overspread the disk, has suggested the opinion that these 
phenomena are owing to the interposition of cloudy masses in the planet's 
atmosphere above the general level of land and sea. , Mr. Lockyer, who 
carefully followed the changing features of Mara during the opposition of 
1862, thus writes in his Memoir* on the planet : ' Although the com- 
plete fixity of the main features of the planet has been placed beyond all 
doubt, daily — nay, hourly — changes in the detail and in the tones of the 
* ■ Memoirs of the Royal Aslroiiomioal Soi^iely,' vol. sxxii, p. 18-5. 



Hosted by 



Google 



different parts of tiie planet, both light and dark, occur. These changes 
are, I doubt not, caused hy the transit of clouds over the different 
features.' The dr.iwings which accompany this Memoir seem to fully 
justify this opinion. 

It is generally held that the reddish and bright spots of Mars are the 
solid parts of the surface on the continents, whilst the dark bluish spots 
form the liquid parts on the aeaa. This distinction is founded on the 
unequal reflexion of the light by the land and the water. According to 
Mr. Lockyer, if we admit that tlie darkest spots indicate water, the 
darkest among them are those portions which are most land-locked. 

Whence comes the reddish coloiiring, which characterises the bright 
parts of the disk ? If Mara were self-luminous, this tint would doubtless, 
be attributed to the very natare of its light ; but it only reflects to. us the 
white light of the Sun ; it is evident, therefore, that the colour is ini- 
pai-ted by the planet or its atmosphere. Several hypotheses have been 




suf^gested on thfe subject. Some have attributed the red tint of the con- 
tinents to the nature of the soil, composed of re<l sandstone. Olhers, 
among them Lambert, Iiave thought that the colour of the vegetation, 
instead of being ?reeu, as it is on our Earth, is red on Mars. This 
explanation is not an impossible one ; but, if it be true, there should be 
variations in the intensity of the tint on each of the hemispheres of the 
planet corresponding to the seasons ; the tint &hould diminish during 
winter, to i-eapjiear in spring, and to attain ifs maximum in the 
summer. 

It has also been proposed to explain the colour of the spots hy the 
refraction of the rays of the Sun through the atmosphere of Mara, 
Araa:o has refuted this hypothesis by the simple remark, that at the 
bordei-s of the planet the redness should be more decided than in the 
central portions, since the Imninons rays traverse a greater thickness of 
atmosphere, and traverse it more obliquely, in the regions near the limb, 
where the contrary effect ii observed. Let iia add, that this hypothesis 
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doea not explain why tlie red tint ia not general. The middy liglit of 
Mars cannot, therefore, in this njannei- bo assimilated to our twilight 

[But the question is altered if we take the existence of clouds into 
consideration, Observitious of the planet in 1&62 suggested to Mr, 
Lockyer that the colour might depend upon the cloudy state of the 
planet, and the spectroscope substantiates this hypothesis. In 1862 the 
planet was cleai-er of clouds, and more rvddy, than in 18Gi. The sug- 
gested explanation is that, when Mara is clouded, the light reflected by 
the clouds undergoes less absorption than that reflected by the planet 
itself; and on one occasion the spectroscope indicated thi« increased 
absorption by revealing the fact that the sunlight was reflected to us tniiim 
a large portion of the blue rays.] 

We must now occupy ourselves with the polar snows. We have seen 
that they are distinguished from the other features by their brilliant 
white light ; they are equally distinct from the vest by reason of the 
variation in their dimeneions. In proportion as the white spot on one of 
the poles diminishes, the other increases ; the minimum of both always 
corresponding with the summer, and the maximum with the winter, of 
the hemisphere in which it is situated. Thus, dunug the opposition of 
18ii0 the southern snow -zone was seen to diminish by degrees, and its 
outline to recede til! the time which corresponds, for that hemisphere of 
Mars, to the middle of the month of July on our northern hemisphere ; 
from this moment it increased again. (Beer and Madler.) In 1937 
similar diminutions were observed in the dimensions of the spot of the 
northern pole. At the same rime the snowy regions of the southern pole 
had a considerable extension. Now theee variations currespmded equally 
to the summer season of the northern hemisphere, and to the winter of the 
southern hemisphere of Mars. 

Thus from the Earth we can watch the formation of the polar ice, 
and the fall and thaw of the snows on the surface of a neighbouring 
planet; in a word, all the vicissitudes of heat and cold which distinguish 
the seasons of winter and spring, autumn and winter. The succeafeion of 
these changes is now so well established, that astronomers can predict 
approximately the form, relative size, and position of the northern and 
southei'n snow -zones. 

We have said that the two white spots are not of the same extent 
either during their respective winters or summers. The snowy cap of the 
southern hemisphere varies within much greater limits than that of the 
opposite pole : it is much more extenfcive during the winter season, and 
it diminishes during the summer to such an extent that it does not occupy 
more than the fifth part of the superficies of the snowy spot of the 
northern pole. This difference is easily explained by the great inch- 
nation of the axis of the planet to the plane of its orbit, and by the fact 
that the southern pole is turned tuwar*^ the Sun, when Mars is nearly at 
ita aiuullest distance from the focus of light and heat. The s 
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on the otlier tand, of the northern hemisphere, occurs at the epoch of 
its greatest distance. The quantitiea of heat i-eceived by the globe of 
Mars, at these two opposite points of its orbit, vary in the ratio of seven 
to five.* 

In truth, these differences of temperature are partly compensated in. the 
course of a revolution ; but tho extremes of heat and cold are still very 
decided. 

We have seen that Slavs presents the ii:o>t curious analogies with the 
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Earth and it la piotiible that to the iiihabitants ot Veims um \ lanel 
presents the a^me appeaiancea that Mirs does to us Like the poles ot 
Mars, the poles ot the Earth are covered w th snow and ice it is also our 
Southern pole which is the most frost-bound, and for the same aatronomical 
reasons, by the congelation of the aqueous vapour. Lastly, the points of 
greatest cold on IWara, as on the Earth, do not coincide exactly with the 
poles of of rotation. This excentricity is very evident in the views of 
Mars given in fig, 80, 

If snow falls in Mara, it is because water is there evaporated by heat ; 

* At the mean distanoe of Mara from the Sun, the disk of this last body is but 
^tbs of that presented to us, or less than half; but at its shortest distance, the 
Sun's apparent diameter is about thvee-fourths ; tlie apparent surface of its disk is 
then El littln more than half that which is presented to ne. 
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hence, the water must spread on the surface under the form of clouds, 
which condense sometimes in a liquid state in the form of rain, sometimes 
as. snowy crystallisations. Thus Mara certainly possesses an atmosphere 
of aqueous vapoiu'. 

But we see the permanent spots of the disk too distinctly, not to be 
certain of the existence of an atmosphere analogous to our own, the 
pressure of which, by counterbalancing the expansion of the aqueous 
vapour, prevents it from, usurping all the surface. We have already sdd 
that the more luminous borders of the disk allow us to infer the existence 
of a cloud-hearing atmosphere, which effaces by its brightness the dark 
spots when the rotation brings them towards the limb. 

The meteorology of Mare is, then, to a great extent known. It 
presents, we repeat, the greatest analogies with the meteorology of onr 
Earth. But at the same time notable differences distinguish them. As 
Professor Phillips has remarked, the considerable periodical exchange of 
moisture which is made between the two hemispheres, especially between 
the two poles, must give rise to hurricanes and storms, of the violence of 
which we can form no idea ; while the melting of the snows over such 
large areas must produce terrible periodical inundations. 

We have seen that Mars turns on itself in about MJ hours," Thus 
the duration of its movement of rotation exceeds tliat of our sidereal day 
by 41 minutes. 

Mars accomplishes an entire revolution round the Sun in 637 of our 
terrestrial days. But, the year of Mars only contains 6691^ of its own 
sidereal days ; and as tbe number of the solar days — we have explained 
this for the Earth — is always less by one than that of the rotations, the 
year of Mara is in reahty composed of 668g of its own solar days, 
which gives, for the duration of one of these days, 24 hours, 39 minutes, 
35 seconds. 

Thus a whole day of Mars exceeds one of our days by 39 minutes 
35 seconds. The difference is not very perceptible. 

Besides, the inclination of the axis of rotation to the plane of the 
ecliptic is nearly the same as that of the axis of the Earth.f It follows 
that in the course of a year Mars presents its various regions to the Sun, 
nearly like our globe, so that the length of the days and the nights, in the 
different latitudes, is distributed in the same manner. The extreme zones, 
torrid and frigid, are a little more extended, proportionally, which 
consequently reduces the surface of the temperate zones. But it must not 
be foi^otteu that this is a favourable circumstance, at least for the tropical 
regions, since the solar light and heat arrive at the planet with an intensity 
much less than on our globe. 

Between Mars and the Earth, however, there is an important distinc- 
tion, and it lies in the difference between the lengths of the Terrestrial and 
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THE MIKOR PLANETS. 

Oonaiderable nnmber of Celestial Bodies circulatirg round the Sun between Mars 
and Jupiter — Bode's Law^Olbers' Hypothesis — Interlaciag of their Orbits — 
Some Details on the principol Planets of tlie group. Juno, Pallas, Ceres, aud 
Vesta — How to discover a New Pln.net. 

The number of the known planets in the Solar Svsteni, sixty-four years 
ago, wflfl only seven, among which was connfed the large planet Uranus, 
dbcovered hy Sir W. Herschel. At the present time this numher is 
inci-eaaed to 92, so that without reckoning the new comets and the recently 
discovered sateUites, the solar system has been increased hy S5 bodies. 
It is true that, with the exception of Neptune, which foi-ma part of the 
group of large planets, all these hodies are of extreme smallness, and, 
taken separately, do not even equal hi size the satellites of the principal 
planets. 

Hence they have beea named Asteroids, Minor Planets, and Tele- 
scopic Planets. 

In spite of their sniallness, they form a very interesting gronp, which 
gives a new appearance to the solar systetn, at the same time that it 
throws a fresh light on the problem of its formation and developmeat. 
The 8i telwcopic planets now known — the nnmber increases every year 
— are all situated between Mars and Jupiter; the orbits which they 
describe round the Sun are so near one another, and so interlaced, that a 
contemporary astronomer, M. D'Arrest, deduced from this circumstance 
the evident proof of a common origin. 

' One fact,' he says, ' seems above all to confirm the idea of an intimate 
relation between all the minor planets ; it is, that, if their orbits are figured 
under the form of material rings, these rings will he fotmd so entangled, 
that it would be possible, hy means of one among tliem taken at hazard, to 
lift up all the rest.' 

At the time when these lines were written, only 14 asteroids were 
known ; since then, 70 more newly discovered planets have been found to 
occupy the mid-interval. The comparison of D'Arrest, and the inference 
that he draws from it, are therefore so much the more strengthened. 

Before the discoveiy of the minor planets, astronomers, in comparing 
the intervals which separated the known planets from the Sun, noticed 
the relative considerable distance between the two planets, Jupiter and 
Mars, The imagination of Kepler, which led the illustrious disciple of 
Tycho into theoretical views of extreme hardiness, placed an undiscovered 
planet in the vacant apace ; and this hypothesis seemed corroborated by a 
discovery made by an astronomer of the eighteenth century — Titius, who 
detected a singular connexion, since known under the name of Bode'a Law, 
between the successive distances of the planets. 
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This connexion was as follows. If we write doivn tlie following 
ries of numbere— 



and add 4 to eacli of them, we shall have another si 



Uow, tho terms of this series, with the exception of the fifth — 2S, — 
very nearly represent the relative distances of tlie planets known in Titius' 

Mercury, Venus, Earth, Mai's, — Jupiter, Sntum. 
After this empii-ieal law was announced, the discovery of Uraaus in 
),781, extended the series, and it was found that the distance of the new 
planet was pvedaely that represented by the eighth term, 196, of the 
regularly formed series. Hence, to conclude the existence of a planet, 
which shonld fill the blank existing hetween Jupiter and Mars, was natural. 
'Baron de Zach,' Bays M. Lespiault, in his excellent monograph of the 
asteroids,* ' went so far as to pnblish beforehand,, in the Berlin Almanac, 
the elements of the supposed planet, and he organised an association of 
astronomers to search for this body. The Zodiac was divided into 
twenty-fonr zones, each of which was confided to the special iwveillance pf 
one of the members of the Society.' The discovery was made, bnt 
certainly not in the manner contemplated. 

In fact, on the 1st of Jannary, 1801, at Palermo,' Piazzi inaugurated 
the nineteenth century by the discovery of Ceres, thus filling the gap 
indicated by Titina and Bode, of which, trutli to tell, he thought very 
little. Singularly enough, however, Ceres precisely occupied the vacant 
number 28, which expressed the distance of the new planet from the Sun, 
the distance of the Earth being represented by 10. Fifteen months after, 
a second planet, Pallas, was added to the list, and this greatly disturbed 
the views of the prophets of the first discovery. 

The able astronomer, Olbers, who had discovered Pallas, then hit 
upon an ingenious theory. He considered the two new bodies were 
fragments of a planet which had been destroyed. Now, the laws of me- 
chanics indicated that after such a catastrophe, whatever might be the cause, 
the fragments, in whatever directions they might be thrown, ought to lie 
at the same mean distance from the focus of their movements, the Sun ; 
and should pass, moreover, at each of their revolutions, through the point 
of space in which the catastrophe took place. 

Pallas and Ceres very nearly fulfilled those conditions, and it was the 
same w'ith the third planet discovered, Jnno, which was supposed to be a 
third fragment of the hypothetical planet. 

The researches were continued under the influence of these views; and 
lastly, Olbers himself, in 1807, discovered Vesta. But, curious contradic- 

* ' Memoirs of tlie PlijsicHl ami Natural Suieuces of Bordeau:!,' vol. ji. p. 171. 
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tion, this discovery, which it was expected would defiuitely consolidate an 
ingenioua and otherwise rational theory, on the contrary, shook it to its 
foundations. The distance, and other elements of the orbit of Veeta, 
presented serious difieteaces both with this theory and Bode's law; and 
both have since received their coup-de-grdce.* 

In fact, sine 1S45, the epoch of the discovery of the fifth asteroid, tlie 
number of these bodies has rapidly increased, and we have every reason 
for believing that it will continue to do so. 

In the actual state of discovery, the 109 small planets form a zone, 
almost entirely confined to that half of the interval between Mars and 
Jnpiter nearest to Mar^. One only, Maximiliana, which is consequently 
the furthest from the San, is found to be nearer to Jnpiter than to Mars. 
The breadth of the zone ia upwards of 100,000,000 miles ; f but through- 
out this interval the planets are very irregularly distributed, since 81 are 
situated in the half of the zone nearest Mars, and 28 only in the other half. 
It follows, from these numbers, that the 81 minor planets neai'est the Sim 
are only separated from each other, ou an average, by 990,000 milee, or 
less than four times the distance of the Moon from the Earth, 

Flora and Maximiliana are the names of the two extreme planets ; the 
first ia at a mean distance of 210,000,000 miles, the second at 323,000,OfflJ, 
so that the middle of the zone is 266,000,000 from the central body. The 
distance of the Earth from the Sun being represented by 10, this last dis- 
tance would be represented by 28,— the term of Bode's aeries, which at first 
pointed out the gap ; but the uneven distribution of the miiiorplanets much 
reduces the value of this coincidence. 

We have seen that, if averaged, the orbits of these bodies lie near to- 
gether. If we compare them one by one from this point of view, we shall 
find the real distance, in some cases, to be much smaller. 

The orbits of Egeria and Astrea are separated by a mean interval of 
60,000 miles ; those of Eurydice and Clytie, 30,000 ; lastly, Leto and Bel- 
lona are only 20,000 miles apart. But it must be well understood that these 
immbere do cot apply to the planets themselves, first, because, at a given 
epoch, they are fonnd in very different directions, and also because their 
orbits are more or less elongated, and the planes in which they move are 
very diversely inclined. 

The foi-ms of the orbits ai-e fai' from being circular. The least elon- 
gated of all, that of Freia, is proportionately much more elliptical than the 
orbits of the Earth, Neptune, or Venus, which are the nearest to the cir- 

* The planet Neptune, tie last of the knowa planets of the soler Bjstejn in the 
order of distaace, is ifor &om sOituifymg tlie einpicical formula of Titiua. Its distance, 
Khioh sboiild he represented by the number 388, is in reality only 300. Let us add, 
as noticed by othei's, that the first numher of the seiaea, that whieh corresponds to 
Meranry, is net formed in a regularmanner. InBteadofOit should he 1'5, which, 
Ijj lidding 4, would become O'S, -wliilHt the true dlBtanoe of Mercury is i'Wl. 

It seerns, hoTBTer, well to rettdu, as an aid to the memoty, the series we owe to 
TitiuB ; it is, moreover, intimatBly connected with the history of Astronomy. 

t This brondth is increased to 348,000,000 miles, if we take the extreme distances 
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eulai' font! among the orbits lesciibe 1 U the b d es of oni solai j tern 
The most elongated is the oibit ot Pohhymnia of which the mijoT axis 
BurpasBes the minor axis by one third of its length which catiaes between 
its greatest and least distances fiom the Sua a difterenoeof 184800001) 
miles. Pig. 83 shows the foini end relative size of these two oibits com 
pared with each other and with that of the Eai th 

The planes in which the telescopic planets move aie veri di^erseh 
inclined to each other. In compann^, them with the jlane of the Earth s 
orbit, it is found that some among them thote i Maasiln and \n^elini 
for example, nearly coincide with it whilst the oihit of Pillas as may be 




seen in Plate I., rises at an angle of 34°, that is to say, nearly |^ths of a 
right angle.* 

It now remains to us to terminate this genera! sketch, by saying a w^rd 
on the times occupied in their revolutions round the Sun. These periods 
are comprised between 1193 and 2310 mean solar days, that is to say, 
between 3 years, 3 months, and 7 days, and fi years, 3 months, and 28 
days, which mark the length of the years of Flora and Maximilians 

ecausedthe nnme ot vlira zodiacal jihnels 
1, jn coiiseque " ' 



* These considerable iiiclinaiio! 

e ffiven to the asteroida ; as s great n 

inatiou arii observtid out of ihe zone in 



L(^ip£ii planets c 



Hosted by 



Google 



respectively. It hnppena, aa It doea nlso with tlie nienn dihtaucpo, tliat 
some of the asteroiiis perform their journey round the Sun in times almost 
equal. In the case of Egeria and Astrea the difference ia not more than 
half a day; for Eurydiee and Olytie a (Quarter of a day; and, lastly, Leto 
and Bellona accomplish their revolutions, one in 1688-393 days, the other 
in 1688'546, that is to say, with a difference of about six hours and two 
minutes only. This is a direct consequence pf one of the laws of Kepler, 
whioli connects the time of revolution and mean distances of the planets 
of the system. 

We will now pass under review somp of the principal hodies of this 
group, and see whether we have yet discovered any facta relating to their 
dimensions and physical constitution. 

Vesta is the moat brilliant of the entire family. It is visilile to the 
naked eye in a very clear sky, and its liijht, a palish yellow, i= whiter thaa 
those of the three planets discovered before it. It talces three years and 
eight months to accomplish its entire revolution round the Sun, at a mean 
distance of 223,000,000 miles. As its orbit is relatively but little elon- 
gated, there is only a difference of 4,000,000 miles between its perihelion 
and aphelion. Its real diameter, measured by MUdler, ia about 300 miles, 
not the twenty-fifth part of the diameter of the Earth, so that the surface 
of our gbbe comprises nearly 700 times that of Vesta. Here, then, is a 
planet, the entire surface of which contains hut the ninth part of the 
European continent, The volume of the Earth is nearly 18,000 times 
that of Vesta. 

Juno has the aspect of a star of the eighth magnitude, and is, conse- 
quently, invisible to the naked eye. Its colour is reddish, and its light is 
subject to variations, which are not leas remarkable than the rapidity with 
which they are accomplished. This phenomenon m not peculiar to Juno ; 
it is observed in Vesta — which sometimes becomes very bright, — in Ceres, 
and in many other of the minor planets. Several hypotheses have been 
suggested to explain this fact. Some suppose that the different faces of 
these small bodies do not reflect the solar light with the same intensity ; 
that some are formed of crystalline facets, or even have a light of their own. 
Others believe that the small planets are irregularly formed, presenting to 
us consequently sometimes very extensive, and at others very limited, sur- 
faces. Whichever hypothesis we admit, both take for granted a rotation. 
Perhaps, in studying with care the periods of these variations, we may 
learn the durations of these rotatory movements, M. Goldschmidt, who 
ranks almost highest among living astronomers in this branch of i-esearch, 
has already made some interesting observations with this object in 

Juno recedes from the Sun, at aphelion, to a distance of nearly 
300,000,000 miles ; at perihelion, it approaches within 180,000,000 miles ; 
hence its mean distance is about 240,000,000, and there is a difference of 
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192 THE SOLAR SYSTEM. 

120,000,000 miles between ita extreme distances. Its orbit is far from 
liaving a circular foiin. 

Madler estimated the diameter of the planet at 360 miles ; whicli Is 
tluia 22 times Iras than that of the Eartb, and its surface is a little more 
extensive than that of Vesta. It travels over its orbit in 15S2-J days, 
or in 4 terrestrial years and i months. 

Ceres, the 5Gth of the group in the order of distance, and, as has been 
seen, tlie first in the order of discovery, appears as a reddish star, the 
brightness of wbich is intermediate between that of Juno and Vesta. 

An ilhistrions observer, SchrOter, thought he detected in the vaporous 
appearance of its disk the proof of the existence of a very extensive atmo- 
sphere. The same seemed to hold good for Pallas, and he concluded that 
these two planets were sni-ronnded with a Efaseous envelope of ROO miles 
in thicltneBs. Smce his time it has been found that theseappaaiances were 
due tfl the imperfection of his telescope 

Ceres revolves round the Sun in IbSOJ da>s at a mein distance of 
260,000,000 miles But at its minimum distance, it is nearer h', 
42,000,000 miles than at its gieatebt distance The heat and hght re 
ceived from the &nn by these bodies the distance of ■which vanes in such 
considerable pioportions \ary alai between lather wide hmits But as 
nothing is known of the phj sieal constitution ot Ceres or ot the condition 
of its surface, it la impossible to diaw certain ctnclnsions ftom the^e data 
relative to the actual yanation? in the planets temperature 

The diametei of Ceres has been measured several times But the 
results are not concoidant whilst it la -loO miles accoidmg to SchrOter, 
it is only 160 accordmg to feir W Heische! and Argelandei \alued it at 
220. If we adopt this last number, we find that the surface of Ceres is 
only the 1300th part of that of the terrestrial globe, so that 46,000 
globes as large as the planet would be i-equired to equal the volume of 
the Earth. 

"We BOW pass to Pallas, which revolves round the Sun in 1&83^ days, 
in an orbit nearly as elongated && that of Juno, greatly inclined to the 
plane of our ecliptic, and at a mean distance of 260,000,000 milp-^ At 
its aphelion, Pallas is 320,000,000 miles awaj from the &un, whilst at its 
least distance it is scarcely 200,000,000 At the time of its nearest 
approach.'tffl the Earth, PaUas has the aspect of a star of the seventh mag 
nitude, of'^beautifal yellow colour. Its diameter has been estimated at 
600 milesvT It is the most important of all the smallei planets, although 
its diamefe is 13 times, its surface 168 times and its volume 2177 times 
less tlian than that of our Earth. All these nuiiibtis it ^mU be under 
stood, are merely approximate, and we give tliem punoipallv in oidei that 
a clear idea may be formed of the relative impoitince of all the (.elpstiil 
bodies of our ,?ysteni. Fig. 84 should m"vl e this pjint lIp iiti till 
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The four planets of which we have just given soma detalk, are 
among tiie most important of the gi-oup. The amallneas of nearly all the 
others is such, that it is not possible to measure their diametera ; as they 
appear in a telescope merely as laminous points. It is probable that the 
least of these micTOSCopic bodies have diameters which <io not reach many 
score miles, so that their surface is less than that of one of our Eaglish 
oonnties. M. Lespianlt, from whom this comparison is bon'owed, adda 
tliat a good wallcer could easily in a day make a tour of many of these 
miniature worlds. 

How long shall we go on malting disci)verie3 of fresh bodies in this 
zone between Mars and Jtipitev'^ This is a difficult que^tirn to solve, but 
it is probable that we are no v acq ted t not tl tl e largest of the 
minor planets, at all events 
with all those most eaa Iv 
visible from the Earth. The 
discnveiy of others will, the 
fore, become more and mo e 
difficult, and the extensio of 
their number is partly subor 
dinate to the uie of larger 
instruments in the resea cl 
and more detailed cele t al 
m^ps. At all events, M 
Leverrier, from mathematu.il 
consideradons, baa assigned 
to the total mass of the bodies 
if we suppose them to possess 
those alieady discovered form o 
make the number of the minor 
thot this number may be excpssi 




value, this s' 



which compose the ring such a limit, that. 

a dpnsity equal to that of our own globe, 
nly the j s'snth part of it. This would 
planets about 150,000. But, admitting 
reducing it to the tenth of its 



n of celestial bodies will still be counted by thousands. 



We have heard so often during the last twenty years of the discoveries 
of new asteroids, that some of our readers may be interested to know the 
way in which these discoveries are made. Let us begin by stating that it 
is not chance that presides over these researches. Prom the discovery of 
Piazzi down to our own time, it- is only by special and systematic exami- 
nation that our laiowledge of the Solar System has been increjtSed insucli 
an astonishing manner. 

It is not, as we have already said, by its aspect, that a plaaet is dis- 
tinguished in the midst of the starry vault from the mnltitude of luminous 
points which surround it ; and this remark applies especially to these 
small bodies, the diameter of which is insensible. It is by its proper 
motion, — by its progressive displacement, that it is recognised. How, 
then, can this bs detected ? By using very detailed celestial maps, con- 
taining all the very small stars, and incessantly watching the regions 
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104 THE SOLAR SYSTKH. 

mapped foi tJie appeiirance of new ones. Such is the first sine qua, Mit 
for such a i-esearch, and the astronomer who nndertaltes the constmetion of 
celestial maps, executed with the necessaiy detail and precision, is of 
necessity the fellow-laboui-ev of him who actually discovers the planets. 
Let us add, that often these two coUaboraleurs are one and the same 



fuy to explore the eiitire sky. It is sufficient to exa- 
mine the regiooa nearest the ecliptic, because, as the orhit of a planet must. 
"" ,', twice in each revolulion, pass through the plane of the orhit of 




the Earth, it is enough to look out for the body at one or other of these 
nodal passages. 

Fig, 85 veprodaces, on a reduced sc.ile, one of the maps consti-ucted by 
a distinguished observer, M. Chacornac, to whom astronomy owes, besides 
numerous observations of different kinds, the discovery of eight telescopic 
planets. 

This map includes all stars down to the thirteenth magnitude. Fur- 
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THE MIKOR PLANETS. IDo 

eislied ivitli a mnp of this kind, ami a telescope powerful eiiongh to sliow 
*li tlie stara marked on it, the ohsevver who intends to devote hinieelf to 
the search after small plaaeta will proceed -in the following manner : — 

He will place in the field of view of his telescope six spider lines at 
riglit angles to each otlier, and all of them the same distance apart, in such 
A manner that sevwal squares will be formed, embracing just ns mnch of 
the heavens as do those shown in the map. He will then direct his tele- 
scope to the region of the sky he wishes to examine, represented by the 
map, so as to be able to compare succeBsively each square with the corre- 
sponding portion of the sky. 

He can then asani'e himself if the numbers and positions of the stars 
mapped, and the stars observed, are identical. If he observe in the field 
«f view a luminous point which is not marked in the map, it is evident 
that this can only arise from two causes, if the map be well made. It may 
he that the new body is a star of variable brightness, and that it was not 
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visible at the time the map was made ; or indeed that it is a planet. It 
then becomes necessary to disdnguiah between these two possible cases. 
"We must examine whether the new body remains invariably fixed at the 
same point, or, on tlie other hand, if it diangea its position with regard to 
the neighbouring stars. The proper motion is generally so sensible, that in 
the course of one evening the change of position may be detected. , In this 
last case a new planet, or perhaps a comet, has been discovered. 

Fig. 86, which represents, on the left the map itself, on the right the 
field of view of the inati-ument, will be " ' 
manner in which this result is attained, 
same, and in the field of view of the 
absent from the map, by its successivi 
body belonging to our solar system. 



sufficient to ^ve an idea of the 
The stars shown in both are the 
seen the new body, which, 
indicates the presence of a 



Hosted by 



Google 



It is scai'Cely necessary to add after this that tlicso researches are 
July laborious, but demand tlie greatest jjatience and watchfulness.* 



XVI. 



Distance nf Jupiter from the Earth and Sun — Eeal and apparent Diraenaions — 
Movement of Rotfltion ; Days and KiglitB — Years and Seasons — Dai'ltandLiglil 
Belts on tbe Disk; Atmosphere — Satellites, their Movements and Dktances.— 
Eclipses of the Satellitos — Their real Dimensions. 

From that region of space where we have just seen the smallest members 
of' our system circulating in their orbits, we pass without transition to the 
largest planet — the colossal JupitM. 

To the naked eye, Jupiter appears as a star of the iirst magnitude, the 
brightness of which, Tariable with its distance from the Earth, is some- 
times, when the Moon is absent, sufficient to throw a shadow. Its light is 
constant, and scintillates but rarely. But if, to examine it, a rather power- 
fiil telescope is used, the point expands into a well-defined disk, and is 
generally seen to be accompanied by three or four little points of light, 
which oscillate in short periods of time round the central planet : these are 
the satellites of Jupiter. 

Venus, Mercurj', and Mars, as we have seen, are withoiit satellites ; the 
Earth has only one.. Jupiter, with its four moons, which the powerful 
attraction of its bulk compels to revolve round him, exhibits to us therefore 
a small system analogous to the solar one of which it forms part and which 
it reproduces on a smaller scale. 

To aiTive in our journey from the Sun as far as the Jovian system, 
we must pass over a distance which exceeds five times the mean distance of 
the Sun from the Earth, or, in the mean, nearly 500,000,000 miles. But 
the orbit described by Jupitev round the Sun differs from the circular form 
more than does the Earth's. Its distance, therefore, is more variable, and 
while at perihelion it reaches 472,000,000 miles, at its greatest distance it 
is not less than 520,000,000 miles from the Sun, the difference being there- 
fore 48,000,000 miles. 

Jupiter, therefore, aa seen from the Sun, presents an apparent diameter 
sometimes greater, sometimes less, than its mean one ; and of course the 

* In ISel nine minor planets were discovered, in 1863 five, and in 18BS-i six 
only. If we suppose tlie ivateh kept constant, tliere is here exhibited a decrease, 
resulting apparently from a doivnward roarcli, which may be explained by tlie fact 
that the minor planets actually discovered, being tbe largest of the group, the oOiers 
more and more escape observation. The hjpofiiesia of a lai^e number of asteroids 
is not shaken. 

[In 1808, twelve minor planets were discovered, a fact which disposes nt once 
of the difficulty and the explanation in the prcMding note. — E. .\, P.] 
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n (1 n eea Ly ol'icm.rs >, tnattil ^ theEirlli lut iti % 

nil 1 ^ e te p port n. Pig. 87 mil ^ive an idea ol the ■vaiiatiuns of 
size h h th d k f Tnpiter, at the times of its mean and extieme dis- 
tan « f m the Ea th presents to ne 

Tie -eaBonol ths difference hetween the apparent diameteis of the 
dislc IS easily explained. The orbit of Jupiter like that of Mars enciioles 
the terrestiial one, and the motions of the two bodies in their reapei,tive 
iorbits bring them, once in every 1^ months, in the same straight line with 
the Sun, and on the^aame side of it, Jnpiter is then m ojyposifwn, and i(a 
distance from the Eaith is measured by the difference of the distances of 
the two bodies from the Sun. In a sinular period the two planeta are still 
in a straight line with regard to the Sun, but on opposite sides of it. This 
is the conjwictioii of Jupiter, and the distance of the two planets is found 
hy adding their respective distances from the Sun, These distances them- 




lelve'' are aometimea smaller and sometimeH greatei than at othei and 
theiefoie the same thing happens with regard to those which separate the 
Eaith fiom Jupiter at Uie time of opposition and conjvnctio?! 

^t its greatest distance from the Earth, Jupitei is 617 OOU 000 miles 
from us ; at opposition it may be within 875,000,000 miles ; but in the 
mean, the distance of Jupiter at conjunction with the Sun is 531,000,000 
miW, and at opposition 400,000,000 miles, the difference being the dia- 
meter of the Earth's orbit. 

From the preceding numbers we may perceive the immense develop- 
ment of the orbit described by tliis member of our planetary system. Thus, 
to traverse this path, it requires 12 years. This gives a mean rate of 
npwards of 700,000 mUea a-day, or nearly 30,000 miles an hour. 

The movements with which we are acquainted on the Earth can give 
ws no idea of snch a mass travelling eternally through the depths of space 
with a velocity 80 times greater than that of a cannon-ball. 
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"VVe look upon tlie volume of the EaitJi as immense when we compare 
it to the objects ■which ive are in the habit of leemg about \ia ; but how 
much more stupendous ia the size of Jupiter which is liOO times larger 
thau our globe ! This value has been deduced fiom the leal diameter of 
the planet, which has in turn been deduced fiom its apparent size and real 
distance. 

Fig. 88 gives an idea of the oompaiative dimensions of the Earth and 
theplanet which we are about to describe. The diameter of Jupiter is 
nearly 11 times gieater than that of the Earth, being 89,000 miles. Seen 
at the distance of the Moon, thia immense globe would appear to us ivith 
a diameter 34^ times higer than that of our satellite, and its disk would 
embrace, on the celesti<il ^alllt 12U(> times the space that the fnll moon 
occupies. 

The form of tho -,loIe it Jiipitei is not that of a perfect sphere : it is 
an ellipsoi<l, Hiittti cd hi i the Liith it the poles of rotation, Eut whilst 




the polar compression of the terrestrial spheroid is but about ^J^jjth.ihat 
of the globe of this immense planet is ^ih, so tliat there is between the 
polar diametei- — the smallest, and the equatorial diameter, a difference of 
4900 miles, which gives for the flattening of each pole 24S0 miles. 

This elliptical form is very perceptible in the telescope; it is pei-ceived 
at once without any measurement. The drawings which accompany our 
description convey a good idea of this flattened form. 

If it be true, as physical experiments and geological facts tend to show, 
that the planets are bodies the primitive state of which was fluid, the ellip- 
tical form of their meridians is but a consequence of their rotation. The 
flattening of a sphere, therefore, gives rise to the idea of its rotation romid 
an axis which p.issos through its centra. 
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Venus, tlic Emtli, Miirs, have movemenfs of rotatiMi— is it tlie same 
witli Jupiter ? It is, and the velocity of its movement, t.ilcen in coiuiexioii 
ivithita small density, explains at once the extent of the flattening to whicli 
we refer, which hna been carefully measured 

Very early * obsevvationa of the planet demonatrateil the i otatoi y mo^ e- 
nient of Jupiter, Thia was accomplishcii hj ohseivmg the movement of 
the spots on its surface. We give two viens of the planet, after Beei ami 
Madler, at an interval of 37 minntea 13 seconds, nhiuh cleirly show the 
apparent displacement of the two dark 'pota produced bj this movement. 

This immense globe revolves on ittelt m about 10 bonis (9 hours, 55 
minutes, 26 seconds), A point situated on the equator of Jnpiter tiavels, 
therefore, by virtue of this raovemcBt, eight mile'- i s'contl oi 27 times ib 
rapidly as one situated on our equat i 

The rotation of Jupiter of course pioducei the jihenomena ot di^ ind 




night on tlie planet. But, as the axis of rotation is nearly at right angles 
to the plane of the orbit, f there is bnt httle difference in their length, the' 
maximum of which is five hours, for the greater portion of the surface,, 
throughout the length of the planet's long year. Two very naiTow zones^ 
situated at the two poles, comprise thosa regions of the planet where the 
day and night exceed the time of rotation. At the poles thenaselvee, the 
Sun is visible for nearly six years, and remains set afterwards for a lihe 
period. 

The seasons are also very slightly varied on Jnpiter; at least at any 
given place, Summer reigns during the whole year in the zones nearest 
to the equator, whilst the temperate regions rejoice in a perpetual spring, 
those which surround the poles being subject to a continual winter. 
Hothing is Imown as to the real climatic or meteorological conditions of 

* Cassiiii, in 1G05, first mensiireil the lime in wliicli lliis rototioii is nccom- 
plialied. After hiro we must mention Sir W. Hersclle!, Airj', Beer und Slodier. 
t The angle of inclicationis about 87°, 
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200 THE SOLAR SYSTEM. 

tiieae seasons. At Jupiter's distance from the Smi, flie liglit ami lieat of 
that radiant hoiiy only possess but a small fraction of their intensity at 
the distance of the Earth -but this diminution, consequent upon the increas- 
ing distance, may be compensated hy physical conditions, anch as a greater 
density of the atmosphere, a higher calorific or luminous capacity of the 
matters composing the soil. Does the globe of Jupitet still possess on 
internal heat considerable enough to raise the temperatv.re of the crust to 
an extent sufficient to make up for the relative feebleness of the solar 
heat? These are questions on which science is still silent. 

Jupiter's year is, as we have said, equal to about twelve of ours : to 
be exact, the length of his year is 4232^^ dnys, or 1 1 years, 10 months, 
14 days, 19 hours. It follows, therefore, that, measured in sidereal days 
of the planet, the year of Jupiter comprises 10,478 rotatL i 177 

Jovian sidereal days. From these numbers, it is easily foum :een 




1 1 f d 



the sidereal and solar day of Jupitev there is scarcely thi-ee seconds 
difference — that is, three of our seconds. 

Seen from the Earth, Jupiter does not present perceptible phases ; its 
great distance, and the fact that its orbit is so far removed from our own 
and away from tlie Sun, render a reason for this, which of course does not 
in anyway affect wh h 

nights. We possess d p o 

own light ; and we n mb 

Earth and Sun, prese m 

We must now p h 

What we Imow of h p an 
from observations ts 

girdle the planet in p 

have already given 
best idea j 
Mr. De La 
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Broad greyish belts streteli across the disk, north and south of the 
equator, and between these a briglitei' [often rose-colonred] space r 
the equatorial regions. On either side of the principal h ' 
the polar regions, other narrower bands are seen, sometimes dark, f 
times light. The brightness of the disk is decidedly more feeble at the poles. 

With a low magnifying power these belta seem perfectly straight, but 
under better optical conditions it is easy to see numerous irregnlaiitiea 
and transverse markings, vandyking and crossing the more visible features 
in various directions, in the middle even of the bands. One important 
circumstance is, that the dark bands do not reach the borders of the disk. 
[Webb, however, is of another opinion. He tells us that he commonly 
sees the belts right up to the iimb.] 

Independently of the bright and dork belts, spots of various forms are 
seen ; and it is by the obsei-vation of tliese points that the time of rotation 
has been determined. The spots and belts vary besides in form and 
position. On several , occasions one or other of the two large dark belts 
has entirely disappeared. This happened to the northern belt in 183i 
and 1835. 

It is, then considered certain that those phenomena are atmospheric, 
aud the parallelism of the strata of clouds is very naturally explained by 
the direction and velocity of the rotation. The equatorial regions of 
Jupiter are doubtless regions of great aerial currents, analogoUis to the 
trade-winds of our planet — with this diffei^ence, however, as remarked by 
Arago, that the direction in which the cloud-belts move is opposite to that 
of our own trade-winds. 

The variability of position of the irregular spots indicates a proper 
motion; according to Beer and Madler, the rapidity of their displacement 
is about 100 miles a-day, — the velocity of a light wind on our Earth. 
We have, tbei'efoTe, no reason for supposing the existence of violent 
tempests and hnrricanes, which were at first imagined. We may hold,, 
on the contrary, that the Jovian meteorological phenomena arc produced 
very calmly. The long year of tlie plimet, the sUght and graduaF 
variations of its seasons, the no doubt considerable density of its atmo- 
sphere, the force of gravity at its surface, are so many facts which tend to 
produce a great atmospheric stability.* 

The mass of Jupiter equals 338 times that of our globe, whilst its 
volume, as we have s^, exceeds the Earth's nearly 1400 times. This 
gives, for the matter of which it is formed, a mean density less than a 
quarter of the terresti'ial density. It is a thii-d more than that of water; 
it is easy to conjecture that the strata fomriing the surface have, at most, 
the density of water. Is the sm-face of Jupiter, then, in a liquid atate? 
Here observations fail us. 

* [During the autumn and winter of 1809-70, Mr. Browning, F.R.A.S. noticed 
a vei7 remarkable clinnge in the colour of tlie equntorinl lielt, ivhichiin plnoo of 
being, as usunl, nesrlj a pare wJiite, passed though inaiiv tints of jelloiv and 
yetlonish-reii. Other observers aubseiiuentl)* noticed the snnie peculiaiitj', — E.A.I'.] 
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Four luminous points — four small starn — unceasingly accompany 
Jupiter in its twelve-yearly revolution. They are easily observed with 
small telescopes. 

Prom hour to hour their positions vary, and they seem to oscillate 
from one side to tlio other of the disk, in paths nearly parallel to the direction 
of the helts, that is to say, to the equator of Jupiter. These are its moons 
■or satellites. They are besides frequently seen to disappear, one, two, and 
«ven three at a time. It sometimes, indeed, even happens that not one of 
-the four is visible. Jupiter then appeara alone, deprived of its coropanions. 
This stute of things was observed hy Mr. Dawes on the 27th of Sept*mher, 
1843. But it only lia(>|>ens very rarelv. 




Taldag these satellites in the order of their distances, ths times of tlieir 
■revolutions are as follows ■ 

Fn-it satell te do) I daj 18 honr= "JS minutes 

Secoid (Ui opa] 3 11 41 „ 

Thnd (Gniiymele) - I H ,. 

Tourtli (Callisto) lU IG J „ 

pin comiaimg these timei with that ff the le^ lutifn if the Moon, it is 
seen that the movements ji the satellites f Juj iter are much more rapid 
than that cf f ui Moon Thi-f lapi lity is the more milked, as their dis- 
tances fiom the planet and therefiie the lengths of their orbits, are more 
consideiable than m the case of oui satellite Measiu'ed from the centre 
ot the pltnet the mean difctance^ if these satellites aie of lo, 278,000 
miles of Fniopa 443 000 of Ganymede 707,000 and of Callisto, 
1 243 000 These distances aie f f c urie the ladii of their orbits. 

The orbits jf the two first satellites are neatlv ciicular ; those of the 
other tw 3 aie moie elongated But on the scale on which figure 92 
presents the system of Jupitei to us theie ek ngatiuns aie imperceptible. 

The total sj-ace fccupied bj this intcre tmg ':\stem measures nearly 
2J milhms of miles m dianietei 

The study ot the ether jhenomeni 
] resents great mteie t An ig tlie=e 
nienti n ccljg s 



1 Be \all in the Jovian system 
]h n in 1 a we must especially 
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Jupiter, like all cslestial boilies not self-lutnincais, costs into apace, in 
tte direction opposite to the Sim, a cone of shade, tUe axis of which is 
alwuys sitnated in the plane of the orbit, and the length of which is pro- 
portionate to the dimensions of the planet and its distance from the Bnn. 
Kow, tlie three firat satellites I'evolve round Jupiter in planes hut httle 
inclined to the planet's orbit, so that at each i-evolutJon they pass through 
the cone of shade; thereby causing, to themselves an eclipse of the Snn, 
and to Jupiter an eclipse of its satellites. Fram the Earth, we can 
distinctly see the disappearance, or immersion, of the satellites in the 
planet's shadow, as also their reappearances, { 




The fourth satellite also undergoes eclipse, but, on account of the much 
greater inclination of the plane of its orbit, these eclipses are less frequent, 
sometimes it grazes, as it wei-e, the limit of the cone of shade, and the 
small loss of light which the satellite rmdei-goes shows us that it is but 
partially eclipsed. 

The nights of Jupiter, then, are illuminated by four moons, which are 
to be seen, sometimes singly, sometimes together, above the horizon, and 
which may present at the same time all the varying phases of onr single 
satellite. The nearest appeal's to the inhabitants of the planet with 
dimensions nearly equal to those of the Moon seen from the Earth. It is 
always eclipsed when fnll, that is, about every 42 hours, or four of 
Jupittr'B days. 
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The second and tliii-d s 




Jupiter, appeivr of equal app di m to — 




that of our Moon : their eclipse ak p a « f 




— 8| of Jupiter's days; and h h d a 




Jiours, or 17J of tlie planet's da 




Jupiter's moons, at each f h n 




planet and the Sun. At the m f a h n -^ 




tances ai-e snch that the con had ii 






Fig.W 



id psaBages ol the Siitollltsa of Jupiter, si 



Tea«hea the surface of Jupiter, they give lise, on the regions they pass over, 
to edipees of the Sun, either iwi'tial or total. These phenomena are also 
visible from the Earth, and Plate XI represents Jupiter at the moment 
when the shadow of a sateDite appeai-s on the disit iu the foiin of a small 
black dot, whilst the satelMte itself is seen, a small blight circle, on the 
greyish belfca of the planet The three first satellites are never subject to 
^mtdtaneous eclipses ; this follows from a law of their motions and relative 
distances, discovei-ed by Laplace, 
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This consequeEca is only applicnlile to eel pses i oj 8 ly so enlle I tl at 
ie tQ sEiy, to tke passages of the satellites th o gh the on of the jlftnet s 
shadow. Bat to nn ohserver placed on the Eartl a teli te aay d 
appear witlioat undergoing aii eclipse ; it may i a I ehmd the d sL of tha 
^net and he occulted. 

Lastly, as mentioned above, it may haj \ en tl at du u g the 1 sapi ear 
auce of the three satellites, the fourth is between the Ea th and the jianet 
Then the planet equally appears solitary and dej^ ived f ts co j an o s 

Figure 93 mil i-ender clear the vario s i o t ons wh cli the satellite 
may occupy with reference to the Earth. One of them th s ftgu e 
represented eclipsed, the other is seen projected o the d si n h ch also 
its shadow is thi-own; a thii-d is hidden ly th ila at and the fourth s 
entirely visible. 

We hnvc ?eeii what are the apparent tliineiDJi'jijs ..if fliB lour safelhtei^, 




as seen from Jupitei, cumpaied to the appaient tize of oni Moon But 
"we must not confound the apparent with the leal diameters It follow, 
■from the measures made by astronomeis, that the diametei oi the first 
Bfttelhte is 2i±0 miles ; of the second, 2192 ; of the tlurd, 3o7!) ; and of 
the fourth, 30G2 miles. So the third and fourth in the order of distance are 
the first and second in order of magnitude ; one only ia less than our 
Moon ; talcen together, they would form a body 9^ times larger tlian it, 
or about one-fifth of the volume of the Earth. 

Lastly, the volume of tlie largest exceeds by two-thirds the volume of 
the planet Mercury. Here, then, we have a secondary body larger than a 
primary one of the first order, and far siu'passing in size those %yhich 
circulate between Mars and Jupiter. 

Sir W. Herschel studied with great care the variations of brightness 
of each satellite, and found that they occurred in each period of revolution. 
He hence imagined that this variability was owing to tlie nature of the 
faces which each of these bodies successively presents to the Earth. It 
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follows from these observfttions that, as in the case of the Moon, the same 
face is always turned towards the primary : this of conrso would render 
the times of rotation and revolution equal. The dislca of the third and 
fourth satellite present spots which are represented in the preiteding- 
drawing (fig. 94), 

There is another point. These moons can he distinguished rot only 
by their dimensions and tlie brightness of their light, but also by their 
colour. According to Beer and Madler, the tirat and second satellites 
have a bluish tint, especially when compared with the third, the light of 
■which is yellow. Some difference in colour is certain, although contrast 
may go for something. The light of the fourth satellite is blaish,* like 
that of the first two. 

[Bnnging onr Mars observations to bear, we might almost he justified 
in supposing these varying coloui-s to be caused by different distributions 
of land and water.] 

The iiBited masses of Jnpitcr and its four satellites are the ■j-ij'j^th 
part of the mass of the Sun ; that of Jupiter alone is 6000 times the mass 
of its' satellites, or, as we have said, 338 times the mass of our Earth. 
Lastly, Jupiter exceeds in mass all the other bodies of the Solar system, 
the Sun excepted, by 2J times. 



XVII. 



It? Escfrtional Physienl Constitution — Distance of Sfttorn from the Snn and Ji-oni 
the Kai'th— AppKrent and real Dimensions — Movement of Rotation and I'olar 
Compresaion — Dajs, Niglits, and Seasons — Rings; Movement of Rotation — 
Satellites — Celestial Phenomena to an Jnlmbitant of the Planet. 

If Jupiter be the largest planet of the Solar System, Satum is by far t!io 
most gorgeously attended among the secondary systems of which that 
system itself is composed. 

ITot by four only, but by even eight satellites, is the central planet 
encircled ; and if these eight moons in their revolution do not give rise to 
eclipses as frequently as do those of Jupiter, the inhabitants of Saturn 
jiossess a mnch stranger spectacle, one, as far as we know, wnique in the 
planetary system ; we allude to the wondrous ring system which surrounds 
the planet at some distance from its equator and revolves eternally round 
it. Thus, then, we see that the further we go in our exploration of the 
Solar System, the more have we to admire the wonderful variety in the 
constitnlion of the bodies which people it. Now we have to deal with 
isolated planets, such as Mercury, Venus, and Mars; now, with such a 
* [Tliclightof the fourth satellite iavediliah, decidedly.— W.E.E.] 
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group of celestial pigmies as the telescopic planets ; and, again, witli 
matter more finely divided still, like the Zodiacal light, and the shooting 
■stBi's. Then we find, the Earth accompanied hy a single Moon in its 
annual revolution ro\md the commou focus ; and, lastly, the group of 
large planets, which are not only distinguished hy their enormous 
dimensions, hut by the number of secondary bodies maintained in their 
■sphere of attraction, ivliioh with their primaries form real systems in 
"miniature. 

Up to this point, however, whatever may have been the variety of the 
elements of each planet, there has been a common point of resemblance — 
the form of each has been a regular spheroid. Kor have the revelations , 
of the telescope taught us that the planets which we have already 
described are suiiotrnded with anything save the satellites we have 
■described, 

[The fii-st peep at Satuni, however, infinitely extends our mental 
horizon ; besides eight satelHtes, it is sun-ounded by a system of rings, 
some shining with a golden light, others transparent ; and it may 
possibly be, that the Zodiacal hght, and the meteoric and asteroidal rings, 
may be to the Sun what Saturn's rings are to Saturn — an innumerable 
company of satellites, as the sands on all shores for inultitnde.] 

Before, however, describiag the rings of Saturn in detail, as they 
deserve, we must chronicle the principal astronomical data of the planet 
itself. 

The mean distance of Saturn from the Sun exceeds 9^ times that of 
the Earth, a distance expressed by the enormous number of 909,000,000 
miles, — not far fram double the distance of Jupiter. Seen frem such a 
distance, the solar disk is reduced to the hundredth of its apparent size 
to us ; and it is in tliis propoi-tion that tie intensity of the light and 
heat is reduced, imless there be some compensating power in its atmo- 

The orbit of Saturn is not dreular ; it has, like that of the other planets, 
the form of an ellipse, of which the Sun does not' occupy the centre, but 
the focus. The planet is therefore sometimes nearer to, and sometimes 
more distant from, the radiant body. At its perihelion and aphelion 
respectively, these distances are 858,000,000 and 960,000,000 miles. 
There is, therefoi-e, between the extreme distances a difference of some 
100,000,000 miles. From these numbers it is easy to dednce the length 
of the path described by Saturn in his long year of 10,760 of our days, or 
29 years 167 days. Saturn travels along this orbit with a mean velocity 
of 529,000 miles a-day, or 22,000 miles an hour.* 

If Saturn, by reason of tlie elliptical form of its orbit, approaches 
more or less to the focus of the solar system, it is easy to understand that 

* If tliis velocity be compared wilh those tJiat we have given for the planets Ijiug 
between fhe Sttn and Saturn, Me shall see tliat the moveraent of the planets in their 
orbits is slower ss the distance ijicrenses. This is a, direct consequence of a lam of 
Kepler's, of nhioh move anon. 
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210 THE SOLAR SYSTEM. 

ita diataacea from the Eaitii must vary still more, according to the relative 
posilioiia of tlie two ploneta and the Sun, It is at opposition that they are 
nearest ; at conjunction, on the contrary, their distance is much more consi- 
derahle. These two periods occur at intervals of 378 days, ok a little more 
than a year. But tlie maximum or minimum distances themselves vary, 
from one period to another, because each of the two planets, according to 
the point of its orbit which it occupies, is itself more or less removed fromi 
the Sun. The distance of Saturn from the Earth may vary between 
1,057,000,000 and 7<>1,000,000 miles. This difference of 29(),000,000 
miles produces, as may be imagined, a corresponding variation la the 
apparent dimensions &f tlie planet : fig. 95 shows between what limits that 
variation lies. 

Nevertheless, as seen from the Earth, Saturn always appears under the 
aspect of a star of the first mna^uitude, which our best telescopes present 
to n ud the f tu of a spheroidal globe, suri'ounded, as we have seen, 
with a mg b ght than itself. 

L t s nt n e to consider but the nucleus of tliis singular system. 
Its h t nee b ng I nown, it is easy to deduce its real dimensions : these 
Bho\ Satu n to be the second of the principal planets, as far as its size is 






As it turns rapidly on one of its diaiaetei's, it is much flattened at th& 
poles of rotation, so that it is necessary, in giving ita dimensions, to dis- 
tinguish between the axis, or polar diameter, and that of its equator. 
While the latter measures 9^ times more than that of the Earth's mean 
diameter, or 75,100 miles, the former is only 8^ times greater, or 68,270 
miles. TTie difference of 6830 miles i-epresents a flattening of -^&, that of 
the Earth being -jjs, or 26 miles. 

.To mafee a tour of this immense globe, taking the shortest way, its 
inhahitanta -would have to travel nearly 214,000 miles pasamg through the 
ix)les, or 236,000 along the equator. 

These distances are less than on Jupiter, but they are more than ninft 
times greater than those of our globe. These dimensions give a surface of 
16,655,000,000 square miles, and a volume move than 776 times greater 
than that of our Earth. 

But the mass of this enormous spheroid is far from being comparable 
with its volume — at least, if we compare this with that of tlie Eartli : it 



Hosted by 



Google 



is but a little more than 100 times greater* (102-tiSa). Tliia imiicates, 
on the supposition that it is equally dense throughout, that it is composed 
of matter seven times lighter than the materials of our Earth, and conse- 
quently less dense than water; [in fact, about the density of oak or 
sulpharic etlier,] 

Therotatoij mo\eraeiit oiSatuinhafl leen detei-mined by ohsejvations 
of the dail bands ■which cioaa the disk n a direction parallel to its 
equator ; the inequaJitiea of these band" b^ their penodical return, have 
enabled aationomei-s to ciLuhte the tmie of rotation, which ia 10 hours, 
29 minutes 17 second' 

Here, then we tu 1 one ot the la ^est planets with a period of rotation 
lesa than half those ot Mercury, \ enus. Mars, or the Earth. Day and 
night succeed each other on the average at intervals of five houre, but the 




length of the year, which eompriees 24,631 complete rotations, or 24,630' 
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212 THE SOLAE SYSTTH. 

the altitude of the Sim above the honzon is still more variable than, oa tlio 
Earth ; but if we wish to form an idea of the change of temperature due 
to this cause, it ia important to remark that the altitude of which we apeak 
varies thirty times less rapidly than with us. Each of Saturn's seasons 
lasts more than seven of oar years, and there is nearly fifteen yeara' inter- 
val betjveen the autumn and spring equinoxes, and between the summer 
and winter solstices. 

But we should have but an incomplete idea of the phenomena 
preaented hy the days, nights, and seasons of Saturn, if we did not take 
into account the modifications produced in these elements hy the existence 
of the annular appendages by which this magnificent planet ia eurrouuded, 
and by the presence on the horiaon of the eight satellites which escort it 
in its long revolution of thirty yeara. The drawings given in Plate XII 
show Saturn ae it was observed, at an interval of nearly three years, in 
two points of its orbit, distant enough to modify perceptibly its posWoa 
relatively to the Earth and the 8nn ; all the details of the disk and of tlie 
rings perceived by the most powerful instruments are faithfully reproduced. 

At the time of the discovery of this strange system, telescopes had just 
been invented. The imperfections of these instruments threw G-alileo, saya 
Arago, ' into great perplexity.' A letter to the Gfrand Duke of Tuscany 
informs us that Saturn seemed to him tricorps. ' When I observe Saturn,' 
he remarks, ' with a glass of a power of more than thirty times, the central 
body seems the largest ; the two others, situated one on the east, the other 
on the west, and on a line which does not coincide with the direction of 
the zodiac, seem to touch it. They are like two supporters, who help old 
Saturn on his way, and always remain at his side. With aglass of smaller 
magnifying power, the planet appears elongated and of the form of an 

Saturn subsequentiy appeared to the illustrious astronomer perfectly 
round. He regarded his preceding observations as optical illusions, and 
in his disappointment exclaimed, 'Can it be possible some demon has 
mocked me?' This is the first record we have of the disappearance of 
the rings, of which move presently. Huyghens subsequently observed 
these appendages of Saturn, and he first gave the explanation which tlio 
theory of the planet's motion and the employment of more powerful instru- 
ments have definitely confirmed. 

[Most encouraging is the chapter of the history of Modern Astronomy 
■which tells us how eye and mind have bridged over the tremendous gap 
which separates us from the planet. We have seen by degrees a ring 
evolved out of the triform planet, and the great division in the ring and 
the irregularities on it, brought to light. Eneeladiia, and coy Mimas, 
faintest of twinklers, are caught by HeracTiel's giant mirrors, and he, too, 
first among men, reaMses the wonderful tenuity of the ring along which he 
saw those satellites travelling, ' like pearls Strang- on a silver thread.' 
Then Bond comes on the field, and furnishes evidence to show that we 
miiHt multiply the number of separate rings we know not how many fold. 
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And ]iei'e we i-escli the golden age of Sntuniiau discovery, ivlieii BontI, 
■with (lie giant refractor of Cambridge, U.S., and Dawes, with his eagle . 
gaze and 6|-mclies Municli glaes, first beheld that wonderful dark aemi- 
tranaparent ring which still remains one of the wonders of our system. 
But the end is not yet ; ere summei' on the southern surface of the ring 
fades into autumn. Otto Struve in turn comes upon the field, detects, as 
Dawes had previously done, a division even in the dark rmg, and measures 
it while it is invisible to Lassell's mirror — a proof, if one wei-e needed, of 
the eaonuons superiority possessed by refractors in such inquiries. Then 
we approach 1861, when the ring -plane again passes through the Earth, 
:and Otto Struve and Wray observe those curious nebulous appearances, of 
which more anon,] 

We kfiow indeed, now, that surrounding Saturn, and nearly in. the 
plane of its equator, is extended a system of rings whidi may be broadly 
■divided into three, of unequal breadths : of these the thidiuess is relatively 
very small. The exterior ring, the one fartliest from the planet, is separated 
from tie intermediate one by a very distinct break, whilst the interior ring, 
that neai-est to Satura, seems joined on to the second. Their brightnesses 
.are very different : the inter-mediate ring, the most brilliant of the three, is 
more luminous than the globe of Satura ; the exterior ring is of a gi'cyish 
Ttint, nearly of the same shade as the dark bands of the disk. Both of 
these Rre opaque, and throw on Satura a very distinct shadow. The 
interior ring, on the eonti-ary, is dusky, and almost of a purple tinge, and 
transparent ; it stands out on the globe of Saturn ag a dark band, through 
which the luminous disk is readily seen, [and without distortion.] 

[Let us dwell for a moment on. this transparent ring, the physical 
features of which are perhaps less remarkable than the fact that it was not 
■discovered till 1850, and had been entirely ovei'looked, if it existed, till 
tbea, not only by all ordinary observers, but by Hei-scbel's great telescopes, 
Wlien Bond and Dawes discovered it, it was by no means easy of observa- 
tion, but now it may be seen in a four-inch achromatic. Another 
remarkable fact is tlie probable increase in widtli amce the. time of its dis- 
covery, which we shall see subsequently to have an important bearing on 
■one of the hypotheses suggested to account for the entire appendage,] 

In order that a clear idea may be obtdned of the positions and breadths 
of the rings, we give in fig. 97 a view of the system, such as would be 
obtained by an observer placed above tlie plane of the rings in the 
prolongation of the planet's polar axis. 

The exterior diamet«r of the outer ring is 173,500 miles, and its inner 
diameter 153,500 miles; its breadth therefore is 10,000 miles. These 
dimensions for the middle ring are respectively lffO,000, 113,400, and 
18,300miles. The distance which separates these two rings is 1750 miles. 
The dark ring joins the middle {or bright) ring. The space between its 
interior edge and the surface of the planet is 10,150 railes ; its breadth 
therefore is 9000 miles. The entire breadth of the ring-system, theref 
is 30,050 miles. Its thickness is probably not more tlian 100 miles. 
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21G THE hOLAU SYSTEM. 

Can then, such a niaterinl eysteni, whether soIilI or liquid, sustain itseH^ 
without point of contact or support, in a constant — or nearly constant — 
position with regard to the planet ? And, if so, tow do its different parts 
resist the ' pull' which the attraction of Saturn exercises on each of them ? 
It woidd seem that this immense bridge ought ly degrees to break up, and 
then — catastrophe far beyond anything the face of heaven has yet presented 
to man's eye — be precipitated in unutterable and headlong fall upon the 
surface of the planet. 

Laplace first considered this problem. He showed that its cquililnuiin 




could not be possible and stable, unless the section of the ring, of elliptical 
fonn, presented in several points inequalities of breadth or curvature. 
Observation has shown that these conditions exist, as the centre of gravity 
of the ring does not coincide with that of the planet, and slow oscillations 
in their relative poaitioha take place. Moreover, he showed that there was 
another essential condition — the ring ought to rotate in its plane with a 
velocity, of little more than ten hours. Hersebel imagined that he had 
also detected tliis rotation, wliich thus agreed with the result of calculation. 
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SATUHN. 217 

Ilis obseiTations, made in 1790, gave a period of rotatiuii of 10 lioui'?,. 
32 minutes. 

[Since this time, however, Laplace's investigation has been shown to- 
be inanfficient, and Pierce and Maxwell have in turn demonstrated that the 
rings are not solid, and are not liqnid ; and their non-solidity appeai-s to 
be shoiyn, not only by the variable traces of divisions in the ring and the 
appearance — may we not almost say the birth? — of the dark ring, but 
by the possible increase in the bi-eadth of the ring-system. The least 
favourable measure of the width of the ring in Huyghens' time gives. 
23,667 miles; Herschel found it 2G,2!*7. The most modern recorded 
measurements give 28,300, so that if we accept these measurements, the 
present annual increase in the breadth of the ring is 29 miles. 

Of what, then, are the rings composed? It is now held by some- 
that they are composed of Satellites, and Proctor has pointed out that on. 
this hypothesis, — 

'The feniporary divisions and nioltleJ -fi-ip:s are eai,ily exphiinei.L 




Luminous appSBdages of tiie ring. Tho saCelllCes 

It is conceivable, for instance, that the streams of satellites forming tiie 
rings might be temporarily separated along arcs of greater or less length, 
by naiTOW strips altogether clear of satellites, or in which satellites might 
be but sparsely distributed. Divisions of the former kind, would appear 
as dark lines, while those of the latter kind would present precisely that 
mottled appearance seen in the dusky or ash-coloured stripes. The 
transparency of the dark inner ring is eiwily understood if we consider 
the satellites to be sparsely scattered throughout that formation. The 
fact tliat this ring has only become visible of late years no longer presents 
an insuperable difficulty, for it is readily conceivable that the satellites 
forming the dark ring have originally belonged to the inner bright ring, 
whence collisions or disturbing attractions have but lately propelled or- 
drawn them. The gradual spreading out of the rings is explicable when 
the system is supposed to consist of satellites only connected by their 
mutual attractions ; while the thinness of the system is obviously a neces- 
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sary coneeqnence of eiicli it formation, for the attraction of Saturn's Imlging 
equatorial regions would compel each satellite to travel near the plane of 
Satura's ertuator.'* 




and has Ijcen a Bure piwrJi tu ..ii ul mci's, also fiiuU a possible 
explanation : — 

' yVe have only to imagine that the satellites are stre'n-n more densely 
* Proctor's Sn/iim mid Us System, p. US. This volnrae forms the most coiii- 
plele iTionograpli cf the picinet yet pnUii;hecl. 
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SATURN. 21i} 

near the outer edges of the bright rings, and especially of the inner bright 
ring, and that this density of distribution gradually diminishes inwoi'ds. 
For instance, we may conclude that along the inner edge of the inner 
bright ring the satellites are so sparsely strewn, that, at the exti'emities of 
the apparent longer axis of that edge, the dark haclcgroxind of the iky 
becomes visible through the gaps between the satellites.' 

Mr. Dawes attributes this shading to the overlapping of the dari; ring, 
which may be thicker than the inner edge of the bright ring. 

Otto Struve and Wray also noticed, in ISGl and 1862, curious appen- 
dages, lilve clouds of a less intense Mght, lying on the ring, differing 
much in colour from the ordinary colour of the rings — not yellow, but 
more of a livid colour, brown and blue. These appearances, on the hypo- 
thesis to which we refer, are supposed to be due to the Katcllites drawn 
out of the plane of the ring by the attraction of Saturn's outer satellite.] 
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220 THE solah system. 

fig. 100, appear sometimes more and sometimes less open ; and tliat during 
one-haif of the planet's year, the part of the ring tetween us and the planet 
ia apparently projected on the northern hemispLere ; and during the other 
lialf the ' dip ' ia in an inverse direction, and the ring is seen to cover a 
part of the south hemisphere. At two particular periods the ring, being 
only iDnminated at the edge, disappears entirely, except in the most 
powerful instraments, whidi tlien show a light luminous line near tlio 
prolongation of Satui'n's equator. 

"We give two drawings which represent Saturn in this particular 
posjlion. The iirst {fig. 101) shows the planet as it was observed hy 
Professor Bond, iu November, 1848, The other (fig. 102), which we also 
owe to the same astronomer, gives the explanation of the luminous points 
recorded in flg. 101. 

[He supposes them due (as the Earth was not in the plane of the ring) 
to the light reflected from the edges of the different rings, which near the 
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of the img , he could observe neither the upper noi lower surface, but 
merely, near the time of passage, tlie luminous points to which we have 
referred. 

There is still another cause for the disappearance of the ring, and this 
occurs wbeii the Earth is on one side of the plane of the rings and the 
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Sun 19 on tlie oflier. At eneli times obviously, aa the dark '*uifaie is 
famed tovi'ards us, we cannot see it. 

Suoli appears to ns Saturn at its enormona distance from tlie Earth. 
We liave said that it is the richest of the systems, or worlds in miniatuie, 
wliieh sTiri-onnd the Sun. It is distinguished from all the otlieis, not onlj 
hy its wondrous rings, which bear witness, perhaps, of the metliod of 
foi-mation of our planetary worlds, tut in addition by eight satellites, the 
incessant revolution of which round the central globe adds to the variety 
of its celestial phenomena. 

We give below the names of the eight moons of Saturn, with their 
distances from the centre of the planet, and the time of their revolutions 
in terrestrial mean solar days ; — 



Mimas . . 


. 119,730 


Encekdus . 


. 153,080 


Tethya . . 


1!I0,325 


Dione . . 




Ehea . . 


. 340,330 


Titan . . 


. 788.91S 


Hyperion . 


. 934,160 


Japetus . . 


. a,d02,780 



n 37 


93 


8 03 




31 18 


■M\ 


17 41 


II 


13 35 


11 


23 41 


35 



The first four satellites are all nearer to Saturn tlian the Moon is 
the Eai'th, Mimas is, more- 
over, but 82,000 mHea from 
Saturn's surface, and Dione 
about 206,000; Mimas' dis- 
tance from the edge of the ring 
being but about 31,000 miles. 
On tlie other hand, Japetiia 
is nearly ten times more distant 
from Saturn than we are from 
our satellite, so that the diameter 
of the Satumian systei 
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powerful insti-uments. The i-emainiiig five satellites, however, are well 
seen wUh careful watching in a five-foot achromatic. The diametei: of 
Titan, tlie lai-gest satellite, has leen measured. It is aboiit the sixteenth 
part of that of Saturn. It is, therefore, more than half the diameter of 
the Earth. Th\is, as in the case of Jupiter's Batellitea, one of the secondary 
Ijodiea of this marvellous system exceeds in size such plaaets as Mercury 
and Mars ; its volame is about nine times that of our Moon. 

We have before referred to the days, nights, and seasons in this planet. 
It will be readily understood, by referring to wbat we have said of these 




matters in the case of the Eaith, that similar variations must aUo take 
place in this planet in a given place, in the course of the year, and at the 
same moment, in different latitudes. 

At the two poles, and throughout the polar zones, these variations 
attain their maximum. During fifteen of our years the Sun does not 
leave the north pole, and a night of tlie same length envelopes the south 
pole of Saturn ; the reverse phenomena occur during the fifteen following 
yeare. Dcnihtleas, an intense cold is the consefiuence of this prolonged 
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privation of the rays of light and lieat. To tliis long winter, nnd the ice 
and snow with whioli the polar regions nre doubtless covered, may i>ei'haps 
be attributed the whitish zone which has been remarked round the poles ; 
but at such a distance physical facts elude us, and we mnst rest content 
with hypotheses. 

The atmosphere of Saturn is doubtless very dense, esjiecialiy near- 
the ecinatorial regions ; the bright belts with which the disk is girdled are 
probably produced by the reflexion of light from immense cloud -masses, 
which the rapidity of the movement of rotation incessantly accumulates,. 
The darker belts possibly, as we remarked in the case of Jupiter, indicate 
a more serene atmosphere. 

Let us imagine ourselves on the globe of the Saturn. Thence kt tia 
gaze on the appearances of the celestial vault dnring the day and night. 

If we start from either pole, in advancing as far as 63° of Satumicentric- 
latitude, we shall traverse those regions of the hemisphere where the ring 
is never visible; only the safelhtes appear above the horizon, and present 
to the spectator the varied aspect of their phases. 

Leaving this latitude, the ring-system begins to be visible. But it is 
only during tlie two seasons of spring and summer that the surface of the 
rings, tnmed towards" fie hemisphere where we are placed, receives the 
rays of the Sun, and lights up, by reflexion, the planet's nights. During- 
the day their arcs send forth but feeble light, analogous ]^iossibly to that 
reflected by our Moon when vidble in broad day. 

The form and extent of the immenae luminous arches vai-y, moreover, 
accoi-diug to the latitude ; stai-ting from 63°, and advancing towards the 
equator, they rise higher and higher above tlie horizon. We first see a. 
part of the exterior ring, then the ring in its entirety. At the mean 
latitude of 45°, the two first lings are observed. In propoi'tion as we de- 
scend towards the equatorial regions, the entire system becomes visible, bnt 
at the same time, the -visual rays ha-ving a more oblique direction, the 
rii^s diminish in apparent breadth, continually, however, rising more and 
moi-e above the horizon. At the equator, they are only visible by their 
interior edge. This edge is then presented as an immense luminous band, 
stretched from east to west, passing through the zenith. 

To give an idea of the magnificent spectacle which the stariy vardt 
presents duiijig the nights of the summer season, we have sketched, ac- 
cording to the laws of perspective, the ap^warance of the rings from a 
latitude comprised between 25° and 30°. These two ideal views represent 
the ring at midnight, the one a little after the equinox, the other at the 
beginning of summer, towai-ds the period of the solsrice. 

In the first of these Satumian landscapes {fig. 105), the ring -system is 
seen forming an immense arch, internipted by a large space at the summit. 
The sky is visible through the di-vision, which separates the two principal 
rings, and it again appeare below the arch. The inteiTuptlon at tlie 
summit is produced by the shadow cast by Saturn, and is only distin- 
guished from the sky hy the absence of stars. It is possible, however. 
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224 THE SOLAR SYSTEK. 

that this eclipsed portion of the n'ngs may he sometimea ud d 11 
by the refraction of the solar rays by the atmosphere of tl [1 Th 

eclipsed hand may take & coloured tint, analogous to the I'edd h 1 u f 
the Moon during total edipaes. 

The second ideal landscape (fig lOG) allows ua to see the extenoi nng 
m its tntirety At the soktices the shadow 1 the ihnet la th own onl\ 
on the mtenoi nngs W e m\i8t remail also that at the different houi-b of 
the night the pos tion of the shidow is not the sime It unlj occujies 
the middle ot the are at midnight. It hence follows that aftei amset 
the iveF-tp Tl ] a i: of the nnw fi at a\ pears 1 y degrees as the ni^ht ad 
I t 1 h 1 1 rti ns appeal at the 




east ; until, at midnight, the len^tli** of the two arcs are equal. From 
midnjght, the ■western portion ■still diminishes, and at last disappears, 
whilst the eastern arc increases in length A^ hen we add to the strange 
beauty of this sij^ctacle the preaencK of the tatelHtes, presenting different 
phases, some full, otliers new, othei^ gibbous, or crescent, an idea 
will he formed of the variety of aspects of the Saturnian night. [Compai-ed 
■with our Moon, however, the moons of Saturn give veiy litde light. 
Even if all full together, they would give hut one-sixteenth part of the 
light of our full moon.— R. A. P.] 

During the winter seasons, tlic lings present their dark sides, nnd are 
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only visible duiiag tlie niglit, negatively ; that ia to say. by the aheeaee 
of the stars on the celestial vanlt which they eclipse. Nevertheless, towartia 
the morning and evening they may possibly reflect the light tliey receive 
from the iUaminated part of the planet ; at the etwt and west they show 
doubtless a slight glimmer, similar to the Earth-shine of our Moon, or, 
again, to the Zodiacal light. 

But if the winter nights are deprived of the light of the rings, the days 
of the same seasons present, on the other hand, the most curious phenomena. 
As, by reason of tlie diurnal rotation, the Sun movi 
circular arcs, sometimes more, sometimes less elevated 
the god of day, being compelled thus to pass behind t 
long and frequent eclipses. The duration of these pi 








under the ring, to again disappear before sunset. 

[Mr. Proctor, in the hook from which we have already quoted, remarlcs 
that in latitude 40° we have morning and eveninjc eclipses for more thsm 
a yew, gradually extending until the Sun is eclipsed during the whole 
day, and these total eoUpses continue for nearly 7 years, eclipses of one 
kind or another, taking place for 8 years 292'8 days. ' If we remember," 
he adds, ' that latitude iO° on Saturn eoiTesponds ■with the latitude of 
Madrid on our Earth, it will be seen how largely the rings must influence 
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226 THE SOLAR SYSTEM. 

the conditioM of liabitability of Saturn's globe, considered with reference 
to the wants o£ heiugs constitnted Hke the Inhahitants of our Earth.'] 

Nearer the equator and poles soEar eoUpsas are still very frequent, hut 
the period of time during which they last is gradually reduced. Judging 
of the loss of light hy the intensity of the shade thrown on the planet, the 
apparent night produced hy these eclipses is dotihtless very decided, 
although atmospheric refraction would prevent them from being absolute. 
If we could watch the various celestial phenomena from the rings, the 
appearance of the sky would be very different : if we supposed ourselves 
located over the edge of the ring, we should have a long night of fifteen 




ell 1 y l*^-^ 1 our^ The e eel p e d e to tl o te x t n t 

Saturn's disk, produce partial nights, the duration of which varies between 
1^ and 2 hours over a large surface of the ring. These are the phenomena 
which caused the interruption of the luminous arc seen from Saturn, as 
represented iu two different epochs in our two ideal views. 

But foe nearly fifteen yeai-s each side of the rings is entirely deprived 
of the light of the Sun. This long night is partly compensated by the 
light reflected by the illuminated hemisphere of the planet, or at least by 
the pai't of that hemisphere visible from the ring. Daring every period of 
10^ hours the immense globe appears under various phases. It is first a 
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luminoTiB point, wMch rises from tlie horizon, tating more and move the 
form of a half crescent (fig, 107), hut much less curved than that of the 
Moon. After 5^ hours it in nearly a half circle, which emhraces the 
eighth part of the whole celestial vault, the surface of this half circle is 
thus more than 20,000 times that of the knar dish (fig. 108). On this 
disk is perceived a dark zone, divided hy a bright line ; it is the shadow 
projected by the ring on the planet. Bright and dark belts, and, doubtless, 
many other physical details that we cannot see at our enormous distance 
liom batum distmgu^h the va 
The more we leave the innei 
the planet increase but if': nj- 




thannf! 



hand with Uie distince al-sva^a howevei lemammg conaderahle. Figs. 
107 and 108 wdl gi\e an idea of the aspect of Sattim seen from a point 
on the middle nng at an mterval ot •tbont 3 hours * 

It ipmiina toi us to loint out in terminating oni review of Saturn's 
phenomena and ot the celestial phenomena piesentfd to the Satumians, 
the numerous edipsps pioduced by the eight satelhtes both when they 
pass over the sclai dnk ind when thej them=ebes plunge into the shadow 

* [In these twoideal views, (ts in the two prefiediagones, M.GuiUemiu lias been 
compelled, naturally enough, to appeal in his fovegvoands, to our terrestiial pre- 
judices. Of course, the rishts of the different hypotheses referred to in the test ai-e 
' stiictly reaerted.'] 
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thrown by the planet. TJ'.ese phenomena ean be watclied from the Earth 
in powerful instruments. The last occasion took place in 18fJ2, when 
Mr. Dawes and Mr. Lockyer were enabled to observe the shadow of Titan 
traversing the planet's disk, the satellite itself on one occasion grnaing the 
phmet'a lower limb, [Mr. Dawes also witnessed an eclipse of Titan — 'a 
unique observation,' he remarks.] 



xviir. 



Discovery of Uranus in tl p ]a t Ccmti j—Poin nlF " s of ts I b t— I s 

apparent and real Dimcnsi c= — Itf Satclltes Inelinationa ot their Oitith and 
Directions of their Mosemeuts 

The Solai- System, as hiown to the anuents cjnipiised all those celestial 
bodies the movements and jh^sical cui & itntiun of which we have just 
studied, witli the excejtisn of the telescopic planets and the satellites ot 
Saturn and Jupiter, A century ag the numbei of the jlaueta i-emamed 
the same as for ages past and the confines 1 the ejstem did n t extend 
beyond Saturn. It was lesened fti one ot the m st illustnuut obaerveie 
of modem times, Sir Willism Hei'scbel to double the ladiui ot the sphere 
which embraces the bodies sibject to the attiaction of tlie Sun bj the 
discoveiy of a new planet— Uranus. 

It was on the 13th of March, 1781, between ten and eleven o'clock at 
night, that Herschel, employed in exploring with his telescope the con- 
stellation of tlie Twins, observed a star the disk of wliich attracted his 
attention, Peraeiving, after a few nights of observation, that the new 
body moved, he first took it for a comet. His ohaervaliouB, when sub- 
mitted to calculation, soon showed that he had dbcovered a body which 
was at such a great distance fi'om the Sim, and the orbit of -which was so 
circular, that it was impossible long to hesitate as to its real character : it 
was a planet 

Uranus, usually — but this depends upon its distance from the Earth — 
shines as a star of the sixth magnitude. It is therefore sometimes visible 
to the naked eye. This iamgniiicant size and brightness, however, are 
mei'ely i-elative. and are caused by the immense distance of the planet frorn 
the Sun, and therefore fram tiie Earth, and also by the feeble intensity of 
the light received from the fii-st-named body. But if it he examined with 
a telescope of high magnifying power, the circular form of its disk appears 
with clearness, and its apparent diameter may be measured. 

The orbit desciibed by Uranus i-ound the Sun sui-rounds the orbit of 
the Earth at so great a distance, that it is impossible to perceive on its 
disk any apjwaranoe of phases. It has the appearance of always turning 
its bright side towards us. 
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The orbit is not a perfect circle, but, like those of the otliev planets, is 
elliptical; so that, during the whole course of its revolution, which lastsabont 
84 yeara — more exactly, 30,686 ^ days — the distance of Uranus fi-om the 
Sun constantly varies between 1,743,000,000 and 1,913,000,000 mileB: 
there is thus a difference of 170,000,000 milea. 

Its distance from the Earth varies even more, being greatest when the 
two planets are on opixisite aides of the Sun, and of course least when 
they are on the same side. In the foimer case, Uranus is in conjunction, 
and its mean distance from the Earth exceeds 1,923,000,000 miles, whilst 
at opposition the mean distance is 1,733,000,000. Its appareit diameter, 
seen from the Earth, then varies in a way which may thus be exhibited : — 





Fig, 109. 

From the distance of Uranus and its apj i 
have been deduced: it is a spherical 
body, 82 times larger than our Earth, ' 
the diameter of our planet being 4J 
times less tlian that of Uranus (4'344) I 
The real diameter, therefore, is 34,50'J 
miles. Fig. 110 shows the comparative 1 
dimensions of these two bodies. 

Astronomers are not agreed as to 
whether Uranus is perfectly sphencal 
or flattened at the poles of rotation. 
Sir William Herschel asserted the '^' '"'■~°'"'^thf auili? "^ 
latter, and Mitdler found some years 

ago a flattening of ^th, which is suggestive of a rapid rotation ; but other 
asti-onomei-s. Otto Strnve among them, have not been able to detect any 
perceptible flattening. This, however, does not, perhaps, militate against 
the obsei-vations of Madler and Herschel ; for if, as Ai-£^o remarks,* we 
assume that the equatoi of Uianu? U situate nearly in the plane of the 
orbits of its satellites, tins will explain how, at different epochs, obsei'vers 
have ainved at different results The axis of rotation of the planet 
would, on this supposition, neailj coincide with the plane of the orbit of 
the Eaith If the axis he turned towards our globe, the ellipsoid will 
seem to us ciiculai , if, on the other hand, it he at right angles with us, 
the polai eompie=sion will become visible. 

The following figure explains both the difference of position, and the 
change of appearance resulting therefrom. 

* ' Popular AstJ'onomy,' vol. iv. p. 493. 
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Uraniis, like Saturn, is the centre of a little system, comprising, besides 
the piincipal planet, eight* moonsoi- satellites, revolviEg in planeanearly per- 




pendicalar to the plane of the planet's orbit. These bodies, whose revolutions 
are accomplished, the nearest in two days, and the most distant in about 108 




* [Mr. XasseU is inolined to believe ftom his own obsetvalions of UrtiQus, tliat 
only four satellites have been discovered, nnd that those supposed to hove been seen 
by Hersche! ivere in reality flied stare. As a matter of foot, hoirever, Eersehel paid 
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days, possibly compensate, in some degree, ty their reflected light, during 
the nights of the planet, the feeble intensity of the daylight. The Sun is 
visihle at Uranus as a small disk, whme supei-ficial extent is hut one 370th 
of the extent of the solar disk as seen from our globe. The heat received 
from it, too, is but one 370th of that we i-eeeive from the Sun. 

We have shown, in fig. 112, the relative dimensions of the orbits of the 
satellites, as they would be seen if we could obtain a bird's-eye view of the 

plane in which they revolve. ,_ ^^ 

We have already mentioned y-' ^N 

the fact, that their move- /' _-■''' ^x^ \ 

ments are performed in a di- / /' , »^ \ \ 

rection nearly perpendicular ,' / ^ ^^ — -^ ~\ \ i 

to the plane in which the /' /' p / ,--o^ \ \ i, ', 

planet revolves round the 

Sun. Another peculiarity, 

and this ia found nowhere 

else throughout the Solar 

system, further distinguishes / / 

Uranus; tlie direction of these — """^ j f - ; : / iii||||i||||| / 1 ii r r r ~' * ' ■ — 

movements is retrograde, *" "\ \ \ I i |li[ 1 //// / / ' / " 

that is to say, it is contrary ' i I | i i [r^^ > ' I I ! 

to that of all the other knoviTi | | i 1 j 'l'^/''// '' /■ // 

movenients of eatellites and ! [ i i l \ ^~' / '' d ' ,' '/ 



^i//M 




v 



planets. But this anomaly 
probably results from the 
very great inclination of thetr 
orbits, shown in fig. 113. 

The first satellite is but 
138,000 miles, or about half \^ ' y' 

the distance of our Moon, ~- ' 

from the planet. The most Flg.llS.— IndiMtionoftliepIauesoftlieorbitaoftliB 

distant of the four of which *" ^ " ^ " ' ° """s. 

we have certain knowledge is 392,000 miles. Of these four, the two nearest, 
Ariel and Umbriel, were discovered by Lassell and Otto Struve respect- 
ively; the six remaining ones (two of which have received the names 
Titania and Oherori), by Sir W. Herschel. 

OhservatioM of the variaiions of the quantity of light reflected by these 
enormously distant bodies — and these observations, we need scarcely say, 
are extremely difficult — have led to the inference that they possess move- 
ments of rotation, an idea strengthened by other planetary analogies : it ia, 
however, as yet by no means cei-tain. Nor have we yet observed their 
eclipses by the shadow of the planet, or those of the Sun, which doubtless 
sometimes take place when they pass between the planet and that body. 

special attention to the necessity of careilill; distinguishing fixed stars from satellites. 
We have no sufficient grounds as yet for r^eeting (for the fivst time) obseiTations 
made by Sir W. Herscliel, and regarded by hira as demonstrative. — R. A. P.] 
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We may, however, infer these phenomena aa well as })liases; and the 
simultaneowa presence or ahsenee of these hodies from the Uranian sky 
<louht]es8 affords a great variety in. the appearances presented to the inhabi- 
tants — if such exist — of this distant planet. 

Ohaervations have at present given us no infonnation on the physical 
constitution of Uranus. No feature is visible on the disk at such a 
distance. Astronomical calculations can only tell us of its mass, which is 
fifteen times that of tbe Earth ; taking this and its volume into account, 
we find, for tbe density of tbe matter of which it is composed, a value 
equal to one-sixth of that of our Earth : the density of Uranus, therefore, 
is a little more than that of ice. 

On the surface of Uranus, the force of gravity is ^'^th greater than on 
the surface of our Earth, so that tbe phenomena of equilibrium and move- 
ment are about the same as with ua — with this difference, that the surface 
of the planet may be much less solid. 



XIX. 



overy of Neptvin 



At a mean distance from the Sun of 2,862,000,000 mHea, that is to say, 
more than thirty times the radius of the Earth's path, the most distant of 
the Icnown planets of the system circulates in its orbit. The nearly circu- 
lar orbit which it describes round the common centre is so great, thai it 
requires nearly 165 years to accomplish its revolution. 

This planet is Neptune. Scarcely eighteen years separate us from the 
time when it was first distinguished as a planet ; so that we have merely 
yet seen it traverse the ninth part of its orbit. The recent date of its 
discovery, and the immense distance of the planet from the Earth, are 
sufficient reasons for tbe few data we possess regarding it. But it la sur- 
rounded ^vith another kind of interest to compensate for fhia insufBciency 
— we refer to the method, unique in the annals of astronomy, which 
served as a basis for its discovery. 

We have seen that among the known bodies which compose the aolar 
syatem, eight only were distinguished Ly the ancients from the multitude 
of brilliant points which spangle the starry vardt : tbe dimensions of aome, 
— the Sun, Moon, and Earth ; the proper motion of othera among tbe 
constellations, — Slerenry, Venue, Mara, Jupiter, and Saturn, were the 
characteit which early led to their being classed by themselves as 
w andtrer" 
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Later, the telescope enlarged man's ilekl of view, and peiinitted 
astronomers to add to these eight bodies a considerable number of new 
ones. Uranus, the Afitflroids, the Satellites of Jnpiter, Saturn, and 
UranuB, were ranked successively among the Solav family. But what 
was the method employed to discover all these celestial bodies? An 
attentive and minnte sui-vey of every part of the staiiy sky, the compari- 
flon of celestial maps with the field of view of powerful optical inetmiiients, 
the happy discoveiy of a change of place ofa luminous . point. But in, 
all this there was no prevision founded on theoiy, no preconceived 
notion on future discovery, which, indeed, in all cases has been due to the 
persevering zeal of observers and to happy chances. 

The method ta which the discovery of Neptune is owing was entirely 
A li^fkrent one. 

We shall speali subsequently on the principles of the movements of 
celestial bodies round their foci of revolution, as they net and react on each 
other in such a manner a& to disturb the I'egnlarity of their movements; on 
tie observed perturbations, and on the manner in which the perturbations 
"jbserved are connected with the laws which govern them. Now, among 
these perturbations, tliere was one which ntteVly defied explanation on any 
Iniown theory, and nvhich astronomei-s had in vain attempted to ascribe to 
the action of one of the known bodies. The tables constructed for the 
planet Uranus did not at all agree with the observations, and the motion 
■of this body was evidently disturbed by some unknown body. This body 
was, neveitheless, for some time suspected by Bouvard, Hansen, and many 
■other astronomers, who held that tlie perturbations were due to an undis- 
covered planet beyond the orbit of Uranus, But the complete solution of 
the problem was accomplished independently by an Englishman, — 
Professor Adams, and a Frenchman, — M. Leverriev, both of whom now 
take rank among the foremost living astronomers. 

[When we consider the problem in all its gi'andeur, wo need not be 
surprised that two mathematicians who felt themselves competent to its 
solution should have independently nndertaken it. As far back as July, 
ISil, Mr. Adams determined to investigate the irregularities of Uranus ; 
early in September, 1846, the new planet had fairly been grappled. We 
iind Sir John Herschel remarking : ' We see it as Columbus saw America 
from the shores of Spain. Its movements have been felt trembling along 
the far-reaching line of our analysis with a certainty hardly inferior to 
ocular demonstration.' 

On the 29th of July, 1846, the Equatorial at Cambridge was firat 
employed to search for the planet in the place theoretically assigned to it 
by Mr. Adams. M. Leverrier'a theoretical researches were published on 
the 31st August, and his letter to the Berlin astronomers pointing out 
where he expected it would be found, was received on the 23rd September, 
liis theoretical place and Mr. Adams' being not 1° apart. There, thanks to 
the Berlin star-mops, which the English astronomers had not received, 
Dr. Galle found the planet the same evening. 
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We need not now refer to the unfortunate, tliougli pevliaps necessary, 
diacuasiou as to the compftralive merits of these two astronomers, which 
almost clouded the hrilliancy of their discovery. Let ub rather look upon 
the work of each as a stupeiidoiis triumph of intellect, and the result to 
which the lahours of hoth have led us as one which for ever establishes the 
theory of universal gravitation.] 

In the words of Arago, ' Such a discovery is one of the most tirilliant 
manifestations of the exactitnde of the system of modem astronomers. It 
will encom-age our most eminent geometers to seel; with freah ardour the 
eternal truths which remain hidden, as I'hny expresses himself, in the 
majesty of theories.' 

Neptniie is inviaihle to the naked eye. In telescopes, it has the aspect 
of a star of the eighth magnitude. Its apparent movement is extremely 
slow ; but, as the orbit which it describes round the Sun is so immense, 
its real velocity is nevertheless considerable ; it is about 12,400 miles an 
hour. 

Like all other planets, it is some- 
times nearer and sometimes further 
from the Earth. At the time of 
conjunction it is distant from us. 
Fig. 114— Apifflrent diinciirfonB of the disk oc on the average, 2,958,000,000 
ft™n't^'Bai"i™^'"""' ^"™^ Biiitw miles, whilst its minimum distance 
at opposition is less by 218,000,000 
miles. The apparent dimensions vary iu inverse ratio, their limits are 
shown in fig. 114.* 

The real dimensions are somewhat considerable, and In virtue of them 

□ Neptune is the third planet of the system . 
Its diameter is i■^2 times greater thaa 
the diameter of the Earth, or 37,000 
miles. The surface of the globe of 
Neptune is more than 22 times that of 
the Earth, and its volome is nearly 
105 times. 
If we turn to fig. 2, page 13, we shall 
see to what small dimeusions the ap- 
parent diameter of the Sun is reduced, as 
1 ; seen from Neptune. The intensity of 

the heat and light received by that planet 
is but little more, at that enormous distance, than the thousandth part of 
that received by us. But as nothing is known of its pliysical and atmo- 
spheric conditions or of its rotation, nothing can be determined on the 
climatic conditioia of tVe planet. 

At a distance neariy equal to that of the Moon from the Earth, that 
is to say, about 225,000 miles, a satelhte revolves round Neptune, in a 

* This disk lia= not jet presented any perceptible ti'atie of flnttening, neither can 
any spotlic ilistingnished on it, »o that tlie liiiie of its rotation remains unlmoivii. 
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very circuiar orbit, in 5 days, 21 hours, 8 mimitea:* tliis liaa enabled 
astronomers to calculate the mass of the primary. It is equal to about 
the TriiTBt'i P''^'^ "f ^'"^ la&sa of the Sun, or to 21 times that of the Earth.. 
Hence, the density of the matter of which Neptuae consists is less than, 




the fourth of that of the Earth, or nearly equal to the density of nitric 
acid, and a little less than that of sea-water. From this point of view 
Jupiter is the planet moat analogous with this body, whilst the force of 
gravity at its surface is about the same as on Saturn and Uranus, 

* Obsewei's have also imagiued that Neptuno is surrounded by a i-ing ; but it 
is now certain that tliis appearance, whicli was also suapei^tad in Ui'aiius, nuist bu' 
(considered an optical illusion. 
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BOOK THE THIRD. 

COMETS. 



The name of ' Comet ' for the most pait gives rise to tlie idea of a Tioily 
of ciiiioua form, nceompauied with a luminous train, travelliug capriciously 
througli Bpnce, apiiearing suddenly and disoppeaiing in like manner, and 
.atones astoniahing by its strange aspect liotli learned and vulgar. This 
manner of distinguishing comets from other celestial bodies is no longer 
itrictly accordant with the discoveries of science, which has sncceeded in 
discovering the laws of their movements, and in assigning to them theiv 
.true place in astronomical clasailicfttion. 

It ia novr proved that most of the observed cDmeta, if not all, fonn 
part of the solar system, and that, if they are distinguished from tLe 
principal and secondary planets, it ia by characteristics entirely diffei'ent 
irom those which are ordinarily aligned to them. 

Let us see what these are. 
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T il mp and Moltip 



com gn fi a b 



appea's 



Aspect of Comets — H N 

distinguii;had fr m 
lions of their Oi D 

If we refei' to tli y n 1 ^ 
Most frequently, nd e<[ a m 
is suri-oTindecl wi h a n bti 
aatronomei-s gave h na u li 

Independently h b 
by a train, the len h f wh h n m 

at diffirent times : this luminoua train is called the tail. 
head and its apparent and real dimensions, and the form 
the tail, are extremely variable, and, indeed, comets ha 
two or even several tails. 

But the nebulous aureola and luminous miclens which generally foi-m 
the head of the comet, and the single or multiple train with which the 



he h d 



The fomi ol the 
ad dimenBions of 
5 been seen with 




hea 1 la ace mj ai led ciniiot be con^ideied ab'iolutely as specific characters, 
^eemg that holies without th se chaiacteriatiaa would te required to be 
ranged in a difleient cate^ t\ 

Theie exist m fact ^ome comets depiived both of tail and nucleus ; 
such IB the one represented lu the light hand diawing of fig. 11 7, which 
couB st-j as we see of a nipla rounded nebulosity.* Otliers, lilte that 
repreaented in the fiist diawmg in the same figure, possess a nucleus 
snrionnded with a nebulnsitv but no tail. 



• Wa s all les r Ije fuf tl e 
comete tliase are the eb 1^ i 
that whfieag the nebula reti 
rapidly aurosa the sky. 



) tl e nebuloiia appearanoes entirely distinct from 
0] erly so calleil. Tlie iliffei-enoe between them is, 
1 El lixed position, the eomst moves iflore or less 
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Noi I'M tlie nebuloiit. cliiiiLter uf the lie'iil alwai*. coustint coiiietH 
'lii\e been obseived wlncli have presented tlie appeaiance of stais vitli 
-which indeed thev have been otnioimdecl T.he aatronomicnl hi^toiy of 
the lawt centurv ntfeis a sfnkmg example ^^ hen Sii ^^ Hei&diel, hy 
the aid ot hi8 poweifal instmments, diicivered m tlie distint regions of 



the lolat 'system tlie planet -which now heaii 
mistook this bod\ foi a comet Still there 
mislead tlie ilhistnona aBtronomer ot Slong 
«pon a rough determination of its orbit. 
But it is right to eny that, among the 




e of Uranu' he fti'nt 
as no trace oi nehulo^ty to 
His opnion ■v.at, toimded 



comets observed tip to 
the present time, either 
w ith the naked eye. 



of 
majority are distingi 
hy a nebulosity snrrouiid- 
iiig' the nuclene, and a great 
number, especially of the 
most brilliant ones, posiesu 
. luminous train or tail. 
^Yith otliers, the tail, dis- 
played fan-like, is divided 
into many branches, as if 
the body hod in reality 
several distinct tails. Plate 
XIII and fig. 118 give 
an idea of the varied forms 
of these cometary append- 
ages. 

This diversity of aspect 
will, perhaps, some day, 
enable astronomers to class 
comets into genei-n, siTecies, 
' I fcbta™^'= Comet), with j^„^ vDiieties, and will 

doubtless facilitate the per- 
fection of the theory of the phenomena which these bodies present, which 
Is still so obscure. 

Comets, as we have said, foi'm part of our Solar System. Like the 
planets, they revolve immd the Hnn, traversing with very variable 
velocities extremely elongated orbits; the form of the cometary orbits 
furnishes us with the first of their specific characters. 

Whilst the planets now Icnown move in nearly circular, closed curves, 
,and thus i^main continually visible, if not to the naked eye, at least with 
the aid of telescopes, most of the comets revolve round the Sun either in 
■extremely elongated elhpses, or in infinite curves, or at least in curves 
which appear so. Hence it results that comets are obsei-vable only in 
a very limited portion of tlieii' paths, that is, when they approach nearest 
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COJIETS, 241 

to the Run niul Earth. Moi'cover, as the period of their revolntiona 
increases with the departure of their orhits from a closed curve, it has 
only heen ^wsBible to detarmiue the return of a very amnll numher of these 
solar satellites. There are some, which, judging hy what we know, will 
never I'evisit our system. 

In fig. 119 ore represented the thvce Idnds of orhits described hy 
comets. 

The first, of oval foi-m, having the Sun for its focus, is the ellipse. It 
is a closed or re-eiitering curve. Although elongated, it is clear that the 




body that traverses it must retnm iMriodically, to the Sun, at cjnichs moi-e 
or lees distant. 

The second is of a form very analogous to the ellipse, hut it is dis- 
tinguished from it hy the fact that its two branches constantly get. furth2i 
apart, and therefore never join. This is the parabola; but it is qaiU 
possible that those comets the orbits of which appear parabolic reallj 
describe extremely elongated ellipses, and tliat this form is taken for tin 
parahohe one during the period of visibility of the body, in coiiseqnenci 
of this similarity ; but on tliia hypothesis, the period of revolution 
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necessary to give rise to this confusion, must be so great, that a return can 
never be proved : still, strictly spealdag, a retnrn may talte place. 

It is another matter, however, when the comet describes the third Idnd of 
orhit, to which geometers give the name of hyperbola. The two branches 
of the hyperbola not only are infinite, hut they are distinguished essentially 
from the ellipse, as the branches depart much more from the re-entering 
form which characterises an ellipse, with vjhich form no portion of the 
hyperbola can be confounded.* 

Several comets move in orbits of this Irind, so that, after having oiic3 
foi-med pavt of our solar system, they go away for ever, seeking perhaps in 
the depths of the heavens another Sun, which they will aftei-warda abandon 
as they do our own. Among .the elliptic cometary orbits now Iinown, 
that which the neai-est approaches the circle is mxich more elongated than 
the planetary orbit which de- 
parts from it most. In fig. 120 
are given, on the one hand, 
the most excentric of the 
planetary orbits, and, on the 
other, the least excentrie 
cometary one, so that this 
difference may be nppi-eoiated 
by the eye. 

Thus comets are diatiu- 
gnished from planets, in the 
first place, by the extreme 
elongation of the curves which 
they describe i^onnd the Sun. 
There are two other charac- 
ters which are not less impor- 
tant than this ; these are, fiiut, 
that the inclinations of their 
orbits, instead of being con- 
tained, Mice those of the 
planetary orbits, within small 
limits, take every possible value. Hence comets travei-se the stany vault in 
every direction, different in this from the other bodies of the solar system, 
the apparent paths of which never vary much from the narrow zone 
known nndev the name of the Zodiac. 

Lastly, the direction of movement is sometimes from west to east, 
sometimes in the contrary direction, or, if we recall the signiiication 
of these words, sometimes direct, sometimes retrograde. Now the 
fundamental fact should be ever present in our memory, that all the planets 

* [Or ratber, liougli the form of a liniertiolii near the vertex closely resemblcB 
tlint of an ellipse neftrtlio extremity of the minor axis, jet the motion of a comet 
even near the vei-tex of a hyperbolic orbit otinnot (whan its vdocilj is considered) 
lie confounded -with the motion in any elliptic orljit.— E.A. r.] 
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move in tlio same dii'ection, that is to say, from right to left, ov from west 
to east, to an observer placed on the northern side of the plane of 
the ecliptic. 

Such are the essential differences which vender comets a peculiar family 
of celestial bodies, and a moat intereBting one in the double point of view 
of their movements and physical constitution ; indeed, they give to the 
fiolar group, already so varied, an incomparable richness. 



II. 

Penodio Comets — Hallej's Comet; its retnni in 17SB and in 1835^Enoli«'s 
Comet of Short Period; Aoeeleration of its Movenieat — Division of Gambart's 
^ ^Cornet — Elements of tbe Prineiptil Periodical Comets. 

In Spite of the oft-renewed protests of astronomers, a singular reproach is 
often launched against them. When n comet, visible to the naked eye, 
appears in the sky attracting notice on all sides by its brightness perchance, 
OP the length of its tail, a number of people are astonished at the careless- 
nras or ignorance of astronomers in having failed to predict it. We shall, 
therefore, now show how it happens that they are unable to pi-edict, except 
in a few inatancea, the approach of a comet, as they do the position of a 
planet or the phenomena of edipses. 

All comets, as we have seen, bave the Sun for the fpeus of their move- 
ments, and all describe acurve' round it — an orbit the concavity of whicli 
is always turned towards'the Snn. But, as we have also stated, most of 
the cometary orbits are so elongated, that they appear to be parabolic, the 
branches of which are infinite; others, again, are hyperbolic What 
must we expect, then, in the case of comets which describe sucli orbits ? 
Either they will never return to us, the immense distance to which the;' 
travel from the Sun perhaps carrying them into the sphere of attraction of 
some other system ; or if they do return, it will be at an enoimous interval 
of tirae, perhaps after a lapse of thousands of centuries. 

Thus most of the comets observed visit the celestial regions occupied 
by our world for the first time, or, if tbey have already been with ns, their 
visit happened at periods so remote from ours that no human observatibn 
has been banded down to us, even if loan then existed on the Earth. On 
these hypotheses the iinposeibility of a scienrific preparation is evident : 
we must observe a comet and ascertain tbe elements of its motion, before 
we are able to predict its return. 

A certain number of comets, it is true, move in closed orbits — in 
ellipses. Among these we distinguish the comets of short period from 
those tbe revolutions of which occupy centuries — the anterior obser\'ati on s 
of which are unknown, or so confused, that it is impossible to base any 
calculations on them. Of these, however, science has also predicted the 
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return, if not on a given day, at all events lietween certiiin limits. But in 
the case of the periodical comets of short period, their movements are known 
to a precision which permits the return to be easily announced, and we enn 
predict for any given day and hour the various places they will occupy in 
the starry vault. 

Let us enter somewhat into detail. 

The first of these comets, the periodicity of which has been well 
established, both by observation and calculation, bears the name of Halley, 
an English astronomer of the seventeenth century. It is to htm tliat ne 
owe, in fact, the identification of the comet of lfi82 with those of 1C31 and 
1607, and the prediction of its return at the end of 1T58, or the beginning 
of 1759. The event justified the prediction. This was not all ; at this 
latter period cometavy astronomy was elevated at once to n state of per . 
fection comparable with that of the other branches of the science. A 
French geometer, Ciairaut, calculated the effect of perturbations of the two 
large planets, Jupiter and Saturn, iu the vicinity of which the body was 
expected to pass, on the path of the announced comet. He assigned a 
delay of 618 days ; 100 due to the action of Satura, 518 to that of Jupiter. 
The return of the body to its perihelion was predicted, therefore, to 
occur in the middle of April, 1759, with an error of a month more or less, 
the uncertainty arismg from the neglect of some terms in the calculation 
which Ciairaut, pressed for time, omitted. It actually returned to peri- 
helion on the 13th of March. 

Since then, in 1835, Halley's comet reapj^teared in our regions of the 
shy, but this time its passage was predicted mtb such precision, that there 
was only three days' difference between calculation and observation. 

The form of the orbit of Halley's comet is shown ia fig. 121, which 
also gives those of the other comets of short period at present known in 
our system. This orbit, too elongated to be represented in its entire 
development, is shown in Plate I, where it is seen that at its move distant 
point from the Sun, it reaches beyond the orbit even of Neptune. The 
comet requires more tlian 76 years — 27,86(5 days — to traverse this 
immense curve. ^Ve also see that in consequence of oae of those cbavacter- 
istica which especially distingaish anch a body from the planets of the solar 
system — the elliptical form of its orbit — Hal]e> s cymet is sometimes 
nearer to the Sun than Venus, within, indeed, a diitanc ■nhich does not 
exceed 56,000,000 miles, and sometimes it recedes fiom the ficus of heat 
and hght to a distance 60 times more removed — a diitance exceeding 
3,200.000,000 miles. 

These enormous variations in distance would leid ui to suppose most 
astonishing differences in the quantity of light and heat received by the 
comet from the Sun. And, in fact, the intensity of these physical agents 
varies in the ratio of 3000 to 1, or, as it may be ptit, the Sun's light and 
heat arrive at the comet with a force 3000 times more considerable at 
perihelion than at aphelion. 
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Hiilley's comet moves from east to west in. a plane inclined to the orbit 
of the Earth the fifth part of a right angle. In Plate XIV are repi-esenled 
the various appearances assumed hy it in 1835, both in its general aspect 
«nd in the portion of it surrounding the nucleus. 

Following the order of discovery, we must next describe Enclce's comet. 

Invisible to the naked eye, it appears in the telescope under the form 
of fi nebulous mass, nearly spherical, find without either tail or nucleus.' It 




is a singular fact that the head of this comet varies both in form and 
dimensions at the same time, and it is at its nearest approach to the Sun 
that its volume is smallest. 

Of all the comets, tlie periodical return of which has been demonstrated, 
this comet accompfishesits revolution i-ound the Sun in the shortest space 
of time, which in the mean is 1205 days, or a little less than 3J years. It 
moves from WKt to east in aa orbit such that its perihehon and aphelion 
distances are respectively 32,000,000 and 387,000,000 miles. 

Here, then, is a body which, at each of its revolutions, penetrates 
n-ithin the orbit of Mercury, and at its greatest distance from the Suii 
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surpasses the orbits of the asteroids, and almost reaches that of Jtipiter, 
Siace 1818, the time of its discoverj', ail its retni-ns to the numhev of 
fourteen have beea regularly observed ; but, singular circumstance, the 
period of its revolution is constantly diminishiag ; so that, if this progres- 
siva diminution always follows the same rate, the time when the comet, 
continaally desci'ibing a spiral, will be plunged into the incandescent mass 
of the Suu can bo calculated. This continued appi-oach has been attiibuted 
to the existence of a resisting medium in the regions of space,* 

Enclte's comet is also speciallj de ^ ale I b^ the ap] elht n f tlie 
comet of sliort period. 

Among the other comets, of wh h both calc lat o ad obse ation 
have coniirmed the periodicity, bea ing the ames of <. amba t or Eitla. 
Faye, De Vico, Brorsen, and otl e s tl e ti st o 1\ e i e a pecial 




• It appew 8 at first pffftictovioal to soy tl 
duce au accblei nbon m the time of tlie successive revolutions : the first tendency of 
the mind sa to see, on the contmvr, a OBuse of slackening ; bnt with a little reflec- 
tion it is easy to eonnnee oneself of the exautitude of the first esplanalion, or, at 
least, of ita probability. We have ahown,^ another ■work('Lea Mond.es,' XiX. 
Cftuaerie), taat acceleration, corobinecl with the third lav of Kepler, and the theory 
of nnivsraal gravitation, is a direct consequence of such a resistance. The ezplann- 
tion of this Tvould hare be premature; we raust refer to the third part of the present 
ymck, m ivhiob an exposition of astronomical lows is gireu. 

It is possible that the nebulous rmg 'ivhich ibrms the zodiacal light can be the 
medium which acoelerates tie period of Euohe's comet? Or, again, may not the 
same effect he attributed to the perturhations to wJiieh, the body is subjected at itn 
periodical pnsaaga through the regions of shooting stars or the telescopic planets '! 
All these questions are still extremely problematical, and it will be iiuderstood that 
this is not the plara to discuss the Tarious degrees of probability of each of them. 
We may, howeyer, remark that M. Paye, in attributins to the solar heat a repuLsive 
force, has suggested a theory of the physioal constitution of comets which accounts 
at once for the form of the appendices of these bodies, and foi' the aceeJeration of 
the period which observation baa demonstrated for Enoke's comet. 
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mention. The latter are all telescopic, and do not offer smy particul.ir 
interest in their phyaical aspect. 

This is not the case, however, with Gamhart's comet. Discovered in 
1826, its first reappearance occttiTed in the autumn of IS32, and much 
eseitement was caused by the somewhat premature announcement that it 
must in its passage meet the Earth. Moi-e precise calculations demon- 
strated, befoi-e the event, that the comet would cross our orbit a month 
before our globe would reach the point of passage, and thus conta,ct was 
impossible. 

But the alarm had been sounded. The imagination was excited, and 
the idefi of the end of the world — of our little world — occupied numerous 
minda. Even among those who placed confidence in the precision of astro- 
nomical calculations, there were some who at least feared a derangement of 
our orbit. Doubtless, to them, an orbit was something material — a me- 
tallio circle, for example. ' As if,' says Arago, in relating this curious 
notioii, ' the form of the parabolic path in which a bomb after leaving a 
mortar, traverses space, was dependent on the number and positions of 
the paths which other bombs had formerly described in the same region.' 

Further on we will say a few words on this question, which some day 
or another may largely interest the inhabitants of our globe — we allude to 
the danger and the probability of a comet's conta t v th the Earth, 

If Gambart's planet did not justify the fea "s tl at ere conceived, it 
was itself subjected a little later to a strange transformat o -it subdivided 
itself into two. In 1846 it appeared under tie fo oi two comets, of 
unequal size, which gradually separated more and more In 1862 the two 
coinetsreappearedtravellingtogetber,lratthedstanceletveen the two nuclei, 
whichhad reached ] 50,OO0mUes in 1846, tbe a no ted to 1 240,000 miles. 
Astronomical annals have before recorded s m lar transformations ; 
hutastlieyi-elatedtocometswbichhavenotreappea ed a th iritiea hesitated 
to believe them. Gambart's cornet, however, leases no doubt on the fact. 
We here give some data on the short-period comets to which %ve have 
referred : — 



Enokes 


J 211 


t87,000;0(IO 33,000,000 . 


„ IfiBS, October. 


DeVioo, 


J 40 


475,000,000 110,000,000 . 


. 1806 (?). 
. 180l),3anB. 


Wiunedtea 


5 54 




Bi-oK,eDB 


S&R 


53T,O00,00O 04,000,000 . 


. 1668, May. 


Bi6l!is(orCambiul 


0(il 


585,000,000 83,000,000 . 


. 180li, Jimmiy. 


D'ArresLs 


04 




. 18T0, Ootober. 


Fnye-s 


7 44 


003,000,000 193,000,000 , 


. lefili, Feb. 


M^ohuns 


13(10 




. 187], October. 


Hnllpj s 


TOTS 


3 300,000,000 60,000,000 . 


. 1010 (?). 


All these have i 


their direction of movement the san 


le as that of the 



movement ot the pknete that is from west to cast. Among the periodical 
comets alreadj mentioned that of Halley is the only exception. [Besides 
the comets mdnd^d in the preceding table, others with periods of about 
seventj j cars ha\e been di'tco^ered, — by Westpbal (1852); Pons (1312); 
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De Vico{lSlG); 01bers{1815); Broi-seu (1847) ; Teniiiel's comet (ISGG) 
has a period of 33J yeflrs.] 

We elialt content oni^lves witli tlie pi-ecsding details of tlia astrono- 
mical short period of the periodicnl comets. It vemaius for iis to give 
fiome details on those comets tlie return of wlucii is either very remote fir 
has not been determined. 



III. 

Cometa of Long Peiiotl — Large Comets visible lo the NaUeil Eve — Plijsitnl Con- 
stitution or Comets; Mass, Density — Kntui'e of tlieiv Light — Oaogec which 
might result from the eontoot of a Coniet — SpBi:troBcopic Obhei'vations by Mr. 
Huggius. 

Must we accept hierally tlie comparison of Kepler, who affirmed that 
icomets are scattered throtij^liont the heavens with as much profusion as fishes 
in the ocean ? Ar^o, adopting the hypothesis of an equal distrihntion of 
comets in every region of the Solar System, and hasing his calculations on 
the number of comets hetween the Sun aud Mercury, estimated tlie num- 
ber of these bodies which traverse the solar system with its known limits, 
that is to say, within the orbit of Neptune, at 17,600,000.* - 

Whatever we may thint of these hypotheses, observation proves, from 
jeor to year, that the number of comets is really considerable. Leaving 
mere reappearances out of the question, new ones are constantly found to 
arrive from the depths of space, describing roimd the Sim orbits which 
testify to the attractive jxiwcr of that radiant body, and, for the most part, 
going away for centuries, to return again from afar after their immense 
I'evoUilions. 

During the two or three centuries in whidi comets have been observed 
with care, move than 200 have been recorded. Adding them to those 
iiotetl in ancient annals, we must reckon them at five or six hundred, 
among which there are only about forty of which we have been enabled to 
■determine the period of revolution. 

Of this nnmber, five complete their revolutions in periods which vary 
betweeen sixty-nine and seventy-five yeare. But what shall we say of 
those whidi take thonsands of years to accomplish their circtiit, of the 
famous comet of 1680, the perihelion point of which was so near the Sun, 
that Newton vahied its temperature while pasMng through that part of its 
-orbit at 2000 times the heat of red-hot iron? Its period is about 8814 
years. But there are some lonser still ; and the period of the comet of 
-July 1844 has been estimated at not less than 100,000 years. If the 
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«;filculation is exact, liere is a comet, tlie return of which will Tie oLserved 
by the astronomers of the year 101,844 I At a mid date of this immense 
period, it will be travelling in space at a distance not lees than 4000 times 
that of the Earth from the Bun. 

The velocity of comets, diminishing like tliat of the planets as their 
distances from the Sun increase, vaiiea betK-een veiy large limits, and at 
their gi-eat^t distance fi-om the central body it is extremely small ; thus 
the comet of 1680 scarcely traversea, at its aphelion, more than three yards 
a second I 

Among the numerous comets observed, there arc very few tliat are 
visible to the naked pyo. and a still less iiinnber ivhlcb strike ordinary 




( by their large dimensions and the biightnees of their light. 
It is these, nevertheless, which possess tlie greatest interest, by reason of 
the peculiar phenomena presented by their tails and nuclei — phenompna 
which throw great light on their physical constitution. 

Among the most remarkable comets of bj-gone centuiies must be 
mentioned the large comet of 1500, which the Italians smuamed II Signor 
Astone; the comet of Charles the Fifth, of 1556, which, accoi-ding to 
asti-onomical calculations having already appeared in 1264, ought to have 
made its reappearance about 1860, and has not been again seen ; that of 



Hosted by 



Google 



1(586, the bright nncleiis of whicli shone as a star of the first magnitude ; 
the comet of 17i4, with several tails; and that of 17G9, which is re- 
presented, as given in tlie drawings of the time, in Plate XIII and fig, US. 
The portion of the nineteenth century ah-eady elapsed has been rich in 
brilliant comets, visible to the naked eye. We here reproduce some ofth* 
moat remarkable ; first, the large comet of 1811, the appearance of which 
made an extraordinary sensation. It will not again return for thirty 
centuries. The head measui-ed 112,000 miles in diameter, whilst the- 
diameter of the luminous nucleus was little more than 400 miles. The 
tail, of prodigious dimensions, attMued a length of 112,000,000 miles. 

The great comet of 1843 was one of the moat brilliant ever observed. 
Not only the nucleus, but a portion of the tail, was visible in full day. 
The tail was besides very remarkable for its length, and still more for the 
uniformity of its breadth. Tills is, of all known comets, that which is tlie- 
nearest to the Sun. At the time of its shortest distance from the centre 




of our system, the nucleus was not more than 470,000 miles from the 
centre of the Sun, and consequently only 30,000 miles from its surface. 

In these latter years three comets, visible to the naked eye, have been 
the object of the most interesting observations. The most brilliant of all, 
Donati's comet, made its appearance in 1858. Perceived at Florence, for 
the first time on the 2nd of June, by the astronomer whose name it bears, 
it became visible to the naked eye towards the first days of September, 
and was soon distinguished among the northern constellations by the 
brightness of its brilliant nucleus, and themagnificent development of its tail. 

Those persons who were witness to the splendid spectacle oBfered by the 
nights when this beautiful body was visible, will be able to recognise and 
fiillow, in Plates XV and XVI, the aspect of the comet at different epochs, 
and its path across the starry vault. 

In Iftfil and in 18(j2 two other comets ",vere also visible, altiioiigh 
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inferior in brilliaiwy t(i tl>ntof 1808. There will be iuuiul fiirtlior on (tigs. 
I'li and 125, and Plate XVIII), detailed representations of the head and 
nebulous envelopes of these bodies — details extremely interesting from a. 
])hysicfll point of view. 

The problems connected with tlie study of the physical constitution of 
■comets are numerous, and of extreme difficulty. It may be asked, ia the 
iirst place. What is the nature of the matter which composes them ? or 
whether tliiB matter be entirely gaseous ? or, again, if the nuclei enclose 
iiqiiid or even solid particles, and if so what is their bulk and their density; 
if the tail is of the same nature as the head or nncleiis ; or by virtue of 
what influence these singular appendages are formed, which, almost un- 
noticeable when the comet is far from the Sun, are developed ns Jt 






approaches it, to diminish, and finally disappear again in the more distant 
half of its orbit ? 

Next comes the question of the light which renders the comets visible 
in space. Do comets shine with their own light? do they borrow their light 
from the Sun? or do they send ns rays proceeding from both these sources? 
Again, can anything plausible be conjectured on their temperature, or on 
the changes induced upon this element by the i u Iif,ious i ai ationa f 
distance which are the consequence of the extieme elongations of then 

Lastly, what is tlie cause of the modifications to which these stnnge 
bodies are subjected, not only from one lovolution to nnothei b t under 
our very eyes, during the short interval of a single ap^jeai ince ' Not only 
is the tail formed, developed, diminished, and again absorbed, but the 
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envelope of the imclcus is siibject to the most ciiiious ti'ansfoimfltiona. Jt 
we look at the drawings (figs. 12i tind 125) of the comet of 1&C2, 
drawings which i-epresent the head of the hody at interv.ila uf a, day 
at the most, we shall he nstoniahed at the rapidity of the changes of 
position and form of the luminous jets which successively were emitted 
from the nneleus, in a direction nearly always opposed to that of the tail. 
In an interval of seventeen, days, the ahle obsei-ver to whom we owe the 
communication of these drawings, M. Chacomac, was able to distinguish 
the formation of thirteen of these jets, similar to jets of steam, and 
alternately directed towards the Sua and to the east of it, that is to say, 
in a direction opposite to the movement of the comet. After each of 
these emissions, the nebulous matter, accumulated at the end of the jet, 
seemed driven back by a repulsive force emanating from the Sun, and then 
fiowed in tlie direction of the tail. These phenomena would seem to con- 
firm the hypothesis of M. Faye, to which we have before alluded, which 
attributes to the Sun, independently of an attracting force by virtue of its 
mass, a repulsive power by virtue of its heat. By means of this hypo- 
thesis, M. Koehe has been enabled to account for the variation in form of 
the nuoleua and envelopes. 

[We may here remark that these last have recently been specially 
the object of a searching inquii-y by the lamented Professor Bond, in his 
most admirable memoir on the comet of 1858. These envelopes, however, 
must not be eonfotmded with the t/MiAMHiinjf, or outer faint veil, which may 
extend for some distance around the head. They were observed to regu- 
larly expand outward from the nwoleus, and the history of no less than 
seven of tliem has been i-ecovered.] 

To what forces are these strange phenomena due ? 
To these questions of great interest, which, it munt he admitted, are 
still veiy obscure, may be added others which at diflerenfc times have been 
privileged to captivate the attention of the public. 'We have seen tliat 
G-am.bart's periodical comet was expected in 1833, to come in contact 
with the Earth. What would have resulted fi-om such an event ? 

A century ago, savans still considered comets to be bodies, the impact 
of whidv on our globe, or with another planet, would entail the most 
frightful consequences. 

' When the movement of the comets is considered,' saya Lambert, in 
his Lettres Cosviologiqvcs, ' and we reflect on the laws of gravity, it will 
be readily pei-ceived that their approach to the Earth might there cause 
the most woeful events, bring back the uuiveraa] deluge, or mnlce it perish 
in a deluge of iire, shatter it into small dust, or at least turn it from its 
orbit, drive away its Moon, or, still worse, the Earth itself outside the- 
orbit of Saturn, and inflict upon us a winter several centuries long, which 
neither men nor animals would be able to bear. The tails even of comets 
would not be unimportant phenomena, if the comets in taking their 
departure left tliem either in whole or in part in our atmosphere.' 

Manportuls, at the same time, had already described in nearly tlie,- 
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sanio manner the catastrophes wliicli tlia icav of tlio Eartli's contact witli 
a comet had kd astvonomeTs to imngine. Onlj', by tlie aitle of possible 
iaoonYeuiencea, ha enumerated the advantages that might be derived from 
the distant influence of these hodies, such as changes of the seasons into a 
perpetual apring, the acc[nisition of new moons, or of a ring like that of 
Sfttttin. He then adds ; ' However dangerous might be the shock of a 
comet, it might he so slight, that it would only do damage at that part of 
the Earth where it actually struck; perhaps even we might cry quits if 
while one kingdom were devastated, the rest of the Earth were to enjoy 
the rarities which a body which came from so far might bring to it. 
Perhaps we should be vei-y sui-prised to find that the dibris of these 
luaasea that we despised were formed of gold and diamonds ; tut who 
would be the most astonished, we, or the coraet-dwellers, who would be 
cast on our Earth ? What strange beings each woidd find the other!" 

At the present day astronomers have abandoned these fears. Kot only, 
according to them, is the probability of a shock so slight, that it is not 
worth while to trouble ourselves about such an event; but, again, the 
mass of comets appears such a small fraction of the mass of the terrestrial 
globe, that the shock would be quiet imperceptible. 

This way of looking at the matter rests on considerations and on facts 
which render it very probable. In 1770 a comet was seen to traverse the 
system of Jupiter, without inducing the smallest perturbation in the move- 
ment of the satellites, whilst the nebulous body itself was so much 
disturbed that its entire orbit was changed. 

[Then again, we have good reason to beheve that we actually passed 
through the tail of the comet of 1861, and the only effect observed was a 
peculiar phosphorescent mist] 

But would it be the same with all comets ? In oar opinion, it is at 
least pi-udent not to generalise too hastily. If comets exist, the nebnlosity 
of which seems entirely gaseous, and so transparent that small stare remain 
visible tbrougli them, there are others, the nucleus of which is doubtless 
very dense, since their llgiit has been sti\Dng enough to be pereeptible in 
full day, even in the vicinity of the Sun, The mass of Donati's comet has 
been valued by MM. Faye and lloche at about the seven -bund rcdtJi part 
of the bulk of the Eartli. 

' That is,' says M. Paye, ' the weight of a sea of 40,000 square miles 
109 yards deep; and it must bo ov^Tied that, a like mass, animated with a 
considerable velocity, might well produce by its shock mth the Earth 
very perceptible effects.' 

Of the heat peculiar to tlie comets, and of the nature of the light that 
they emit, very little is yet known. Doubtless, in the vicinity of the Sun, 
the action of the high temperature of the radiant body cannot fail to 
be felt on the exterior strata of th? cometary nuclei ; and it is thus that 
the formation of the luminous jets which, becoming detached from tho 

* ' Lettre siir la Comfcte. CEuiTes da JJ, de JIaupei-tais,'p.20a. Dresden, 1752. 
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2f)2 THE SOLAT. SYSTEM. 

central mass and acted upon by some Tiuliiio\yn force, give rise to the tail, 
may be accounted for. 

On tbe other hand, it Beema proved that the light of the comets is, in 
part at least, bon-owed from the Sun. But may they not also possess 
besides a light of their own? and, on this last hypothesis, is this bright- 
ness owing to a kind of phosphorescence, or to the state of incandescence 
of tie nucleus ? Truly, if the nuclei of eomets be incandescent, the 
sioallness of their mass would eliminate from the danger of their contact 
rath the Earth only one element of destruction ; the temperatni-e of tiie 
terrestrial atmosphere would be raised to an elevation inimical to tlio 
existence of organised beings ; and we should only escape the danger 
of a mechanical shock to run into a not less fi-ightfal one of being calcined 
in a many days' passage tliroagh an immenHe furnace. 

If we enlarge on these considerations, which are merely hypothetical, 
it is not with the intention of reviving the fears or snperstitious tflrrora of 
another age. We but wish to show to what conjectures science is still 
reduced on the problem, so interesting from so many points of view, of 
the physical constitution of comets. 

[The spectroscopic observations made by Mr. Huggins on the light 
of three faint comets show that a certain portion at least of the hght of 
these objects is inherent. The outer part of each gave a continuous 
spectrum, in which dark lines may have existed hut could not be recognised 
owing to the extreme faintness of the light. The nnclens gave in each case 
three hands of light, indicating that the substance of the nucleus consiste<l 
of glowing vapour. In tlie case of the thii-d comet thns examined by Mr. 
Huggins — that known as Brei-sen's — the spectrum of the nucleus closely 
resembled, or was in fact practically identical witli that of carbon as 
shown when the electric spark is taken through defiant gas. But in what 
condition the carbon of the comet's nucleus may be, in order to account 
for this result, it is difficult indeed to say. Carbon, as we know, is of a 
remarkably 'fixed' character, and it seems difUcult to conceive that the 
heat to which Brorsen's com t w t lly Ij t d t tl t co Id b 



sufficient to volatilize such 
the carbon exists in the i 1 
' In such a foim,' he e j 
whole of the Sun's energy 
high enough for its con 
whole subject is full of d f 
some bright comet, shall 1 
powerful spectroscopic appli 
posal. — Ii.A.P.] 
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GENERAL SURVEY OF THE SOLAR SYSTEM. 



We have now teraimated our (leacriptloii of tlie varioiia phe 
presented by the Solar System. 

We have reviewed successively ali the hodiea which compose it, from the 
immense central hody — the fountain-head of heat and light — to the most 
distant planets which its powerful attraction maintains in their orbits, aad 
to those vagabond bodies, the comets, some of which prha^M visit hut once 
those i-egiona of the sky in which the movements of our system tnhe place. 
We are about to quit the system of which our Earth forma part — a 
system so prodigiously vast, when the dimensions are compared either 
with the most gtgandc construction of man, or even with the teii-estrial 
globe itself, the magnitude ofwhichreduces man to nothingness. We shall 
now launch out into space, far, very far beyond Neptune, to such distances 
that the Earth, the planets, the Sun itself even, when looked back upon, 
would but appear as luminous points, and the whole Solar System would 
dwindle down to a single speck of light. 

There we shall find myriads of other Suns, other worlds, of 1 h th 
physical couetitution, distances, and movements, must also b t 1 ed 
But before undertaking this immense voyage in the infinite, let um uj 
in a few general remarks the moi-e striking features of the Sola Sj t m 
which will constantly sei-ve us for comparison with the other s> t m tl 
which we shall have to deal. 

We have seen how the different celestial bodies which rev I nt 

the Snu are grouped. In describing each of them we have n tl 

real dimensions, both absolute, and compared with those of E th 

Plate XVIII contama all these comparative dimensions grouped t th 
whence we may gather by a coup d'ceil how much the volume f th S n 
preponderates over that of all the planets and their satelhtes put t f, tl 
Calculation shows indeed that the solar globe itself contains 600 ti the 
united volumes of all these bodies. Its mass is still more con 1 able 
and if the Sun were placed in one of the scales of a celestial balan.e, iM 
times the weight of all the planetary masses must be placed in the other to 
^qual it. 

We have from the commencement divided the planets into three 
principal groups ; that of the planets of average size, that of the asteroids 
or telescopic planets, and that of the larger planets. A fact which i-enders 
this division more striking is, that the celestial bodies, of which each gronp 
ia formed, not only present a similarity in size, while tlie distances of all 
from the Sun seem to obey a law, but other physical analogies seem to 
indicate that they foi-m so many natural families, the members of which 
have perhaps a common origin. 

Thus Mercui-v, Venus, the Earth, and Mars, have a movement of 
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204 Tilt SOLAR SYSTEM. 

rotation the time of wliicli is nearly oqiinl nutl e^o pt la the ct-e ot 
Mercury,* their deiiBity is Tery similai-, and tlie polai flattening, i= eitliti 
very sliglit or im perceptive, 

Witii regard to the inolinations of then axes to the plines of then 
orhits, a condition of tilings which has an oveipowenag mfluenoe on the 
aeaaona in each planet, the four BmalJer pkcets of which wb apeak must 
[if we accept the old observations] be divided into two sub-gionps. 
Mercury and Venus in one category, Mars and the Earth in the othei 

We know very little of tlie physical constitntion of the minor pUneta ; 
but. besides the fact that they are all accvimnlated in one naiTow zone, 
and are all of small dimensions, tliey posseaa a family likeness in tlie great 
eccentricity of their orbits, and tlie generally very great inclinations of the 
planes in which they revolve round the Sun. 

We come now to the foai' larger planets, Jupiter, Satiii-n, Uranus, and 
Neptune ; at once we are struck with theif much more rapid rotation, 
which we should have predicted from the considerable polar flattening of 
the two fii-st bodies. With i-egard to the two other planets, Uranus and 
JTeptnue, we are still in the dark on these, points. Their density is at 
moat but a quarter of that of ihe smaller planets, and this is almost the 
case for all the members of tlie grou]!. 

But the otlier elements do not offer such close annlogioa. The inclina- 
tion of the axis, small in the caseof Jupiter, is larger in the case of Siftimi, 
aad pi-obably excessive in Uranus. 

But another point of resemblance is, that all tlieso larger planets havo 
a great number of satellites, whilst the. Earth alone, of all the planets of 
the system, is accompanied by n single moon. 

The question as to the habitability of the other planets of the system 
has been much agitated. It has been asked if only tlie Earth's surface is 
embellished by the productions of animal, and vegetable life, if it abiie is 
inhabited and governed by intelligent and sensible beings. 

Astronomy can only indirectly touch oa these interesting questions, 
the solution of which will, doubtless, long remain beyond ua, although we 
have seen with what minute care science collects together all the elements 
of the prohJem, all the data which observation can furnish on the 
meteorological and physical conditions belonging to each member of the 
solar system. 

Doubtless, if we reason by the nnnlogies which are permitted ua, there 
are strong probabilities that most of the planets and their moon's are 
inhabited. But what is the organisation of the vegetable and animal 
Idngdoms which people them ? Of this it is difficult to fin-m an idea, in 
the actual state of our Imowledge. 

But ia it not probable tJiat the ages of the planets are very diffei-ent, 
and that, if we suppose that they all must pass through the same geological 
phases, these phases will be far from being the aamo at the same epochs ? 

* Accordinff to Euc!;e, the densitj" of Mereuiy is really ranch less than tliat at 
present adopted ; it is not very difE^aut from the density of the ]iiiitli. 
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COMPARATIVE DIMENSIONS OF THE SUN, THE PLANETS AND THEIF! 
SATELLITES. 
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PAET THE SECOND. 

THE SIDEBEAL SYSTEM. 



BOOK THE FIRST.— THF ST4.TtS. 

Let \is imagine a sphere, having the Sun for t ce f e tl e leal surface 
of which lies at a distance of thirty times the mean rad us of the Earth's 
orhit; this sphere will compiise in its vast extent ill the celestial bodies,- 
the comets excepted, which periodically effect the le ol t o s ronnd the 
Sun, and of which we have dcBcribed the movements and physical consti- 
tution. 

Do other planets exist more distant still than Neptune ? and do the 
comets of long period whicli ifter having shone once in our regions, bury 
themselves in depths exoeedmi, many thousands of times the distance of the 
Sun from the Earth leallj belong to our system ? 

These are q^uestions which at present cannot be answered, and for the 
solution of which we must wait peihaps for centuries. We may, therefore, 
be allowed to regard the sphere which we have just imagined, as fixing an 
approximate limit to the dimensions of the Solar System. 

Let us, howevei m tliought triple the radius of this sphere ; let us 
give it a radius of a nundred radu of onr orbit, that is, a radius of some 
9,500,000,000 miles — an enormsus distance, which the imagination can 
with difficulty grasp, and which a ray of light would require more thnn 
eleven days to traverse, in spite of its extraordinaiy velocity of ] 92,000 
miles a second '. 

Nevertheless, we shall soon see that this immense line is b t \ t 
when we compare it with the dimensions of that portion of th 
which onr sight is able to gi'osp. The nearest of the innumerabl y tem 
which people that universe would be removed from the then fin t 
the solar system to a distance two thousand times greater thai tl adi 
of our imaginary sphere. We could scarcely hope, tberef that t 
would ever be possible, even with the aid of the most powerful t Ics pe 
to make out the physical peculiarities of celestial bodies so m 1 

distant. But thanks to some ingenious appliances and to metl d fa 
extreme delicacy, the latest investigations have furnished obsei th a 

rich series of interesting phenomena. 

The constitution even of the visible universe has thus by d g es be n 
revealed : the distribution of the various bodies, their groapings and n 
ments, the intensity and colour of their light, and a tiiousand tl t 
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csting facts, are so many points, the positive liiiowledge of wliicli now 
surrouDds siclereal astronomy with tlie highest interest. 

"We are, therefore, ahout to conaider tlie Heavens ns a wholo anil in 
detaih The Imowledgs we have acquired of the system to which the 
Earth hebugs will he a great lielp to as iu this study, aa it will continually 
afford iia points of conipanson to reason by analogy on other systems. 



SoiutiLation of the Stnrs — Apporeut Fixity of tlieiv relative DJstnncPs — NTimlier of 
Stai'3 visiLiIe lo thi Naked Eye — Aiipioxiniate ^mnlJel■ of Slars visible in 
Telesoopas. 

No sight, as we said at the beginning of this work, is at onca so awe- 
inspiring and so grand as that of tho Heavens on a heantiful night. If 
care be taken to choose as a stand-point for observation an open place, such 
aa a plain or the sniuniit of a hill on land, or, again, the open sea ; and if 
the atmosphere, somewhat charged with dew, possess all its Iransparenoy 
and purity, we shall see thousands of luminous points twinkling in all 
directions, aeeoinpliahing slowly, and together their silent march. The 
contrast of the obscurity which reigns on the surface of the Earth with the 
brightness of that resplendent Tault, gives an indefinite depth to the 
celestial ocean that deepens over our heads. But let ua here leave the 
magnificeneo of the spectacle, to study it in its most minute details. 

Let ua commence with the appearances. A character common to all the 
stars is an incessant and very rapid change of brightness, which has received 
the nama of sciiitiUation. This is accompanied by variations of colour 
equally rapid, due to the same cause as the aucoessivo disappearances and 
reappearances. All stare scintillate, whatever may be their brilliancy, at 
least in our temperate regions. But the intensity of this luminous move- 
ment is not the same in all, and it varies, moreover, both with the degree 
of purity of the sliy, the elevation of the stars above the horizon, and the 
temperature of the night. 

According to Arago, scintillation is due to the difference of velocity of 
the various-coloured raya travereing the unequally warm, unequally dense, 
unequally hnmid atmospheric strata. Thus, in tropical regions, wliere the 
atmospheric strata are more homogeneons, scintillation is rarely observetl 
in stars tlio elevaticm of which above the horizon is more than 15°, or the 
sixth of the distance of the horizon from the zenith. ' This circumstance,' 
saya Humboldt, ' gives to the celestiHl vault of these countries a particularly 
calm and soft character.' 
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An to tlio planets, tliey scintillate little or not at fill ; it ia rave that 
traces of this phenomenon are observed in Saturn or Jupiter, but it ia move 
perceptible in Mare, Yeniis, and Mei-cury. This difference suffices, in our 
climatee, to afford to those who are not very familiar with the configu- 
ration of the celestial groups the first means of diatinguishing a planet 
from a star. 

Another specific character of the stare ia, that tlieif diameters are 
without appreciable dimensions. To the naked eye this distinction would 
be iiiBTifficient, since, tlis Moon and the Sun excepted, the most considerable 
planets have not sensible diametera. But, while the magnifying power of 
optical instramenta shows us the principal planets under the form of clearly 
defined disks, the most powerful glasses only show a star as a luminous 
point. . The distance which separates us from these bodies is so great, 
that thei-e ia nothing to astonish us in such a result. 

"VVollaston affirms that the apparent diameter of the most brilliant star 
in the heavens, Siiius, is not more than the fiftieth part of a second of arc. 
But let us hasten to say that this result still leaves a good margin as to the 
real dimensions of tlie star, since, at the distance of Sirius, an apparent 
diameter of this size would represent a real diameter of 11,000,000 miles ; 
that is, twelve times the diameter of our Sun. 

Let us add, lastly, that the absence of appreciable apparent dimensions 
does not suffice to distinguish absolutely the stars from the planets, since a 
certain number of the latter, as we have before seen, appear in telescopes 
only as simple luminous points. Let us come, then, to a permanent specific 
character, the knowledge of which will always prevent us from confounding 
a star with- one of the known or unknown bodies which form part of our 
solar group. This characteristic is as follows : — 

The stars, properly so called, preserve among themselves — nearly 
enough for our present purpose — the same relative distances. They form, 
then, on the celestiai vault apparent groups, the configuration of which is 
nearly invaiiable. Centuries must elapse to show a change of form, 
milesa we employ extremely delicate measures. A planet, on the contraiy, 
moves rapidly across these groups, to such a degree that, in the interval of 
a night, or at most of a few nights, this diaplacement is very perceptible ; 
hence the old denomination ofjixed stars, in opposition to the wandering 
ones, or planets. 

We must be careful, however, to guard against assigning to this word 
a rigidity which it does not possess, for we shall shortly see that the stars 
really move with a velocity not inferior to that which animates the members 
of our ayatem. Their immense distance is the only cause of their apparent 
immohiUty, which vanishes when precise obaervationa, embracing a suffi- 
cient intei'val of time — some yeara, for example — are made. 

A fact which strikes every one is the great diversity of brightness in 
the stare which people the heavens. All degrees of iiit;usity are remarked, 
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from ihe roaplendent liglit of Sirius to tlie scarcely perceptible glimmer of 
those hardly visible to tlie naked eye. 

Whence aviaes this diSevcnce of brightness ? T! q t t 

answer for any atar in particular; hut it is easy t 
result from various circumstances, such as their 1 g t 

the real and various dimensions of the hodies, a d 1 tij tl 
hrightnesa of tlie light peculiar to eacli. However tl m > h 
without i-egard to the unltnowii causes -vvhicli may fl th 

the stellar light, liave divided stars into classes or J I i 
we speak of a star of the first, second, or fiftli mag t d t d t d 
that this way of epealdng refers only to the appar t h ght d th t 

nothing is affirmed either as to the real dimension 1 f 

intrinsic hrightness.* 

Besides, as the stars, arranged in the oi-der of th h gl t 11 

form a pi-ogression decreasing hy imperceptible deg , tl las d pt 1 
are themselves conventional and arbitrary. The first six magnitudes 
comprise all stars visible to the naked eye. But the use of the moat power- 
ful telescopes brings to view stars of feebler light, descending to the sixteenth 
and seventeenth magnitudes. In truth, the progiession has no infeiioi 
limit ; it extends more and more in proportion as the pro^iess of the op- 
tidan's art increases the penetrating power of our instiumenta 

To gain an idea of the i-espeotive Intensities of the light emitted by the 
stars of the first six magnitades, following the scale adopted by astionomei-s., 
the following drawing should he inspected ; in it the stni-a aie figured by 
disks, the surfaces of which are in proportion to their biilhancj 
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But, we repeat, it must not he thought that the stars ranked in tlia 
same class are, on that account, of the same brightness.! Thus the light 
of Sirius is estimated at four times that of the star Alpha (or a) Centauri ; 
hut both, nevertheless, are included by astronomers in the number of the 
stara of the first magnitude. 

* What ive liars saiil of a partioukr stax' is notrigorouslj tnia when the wliole 
of tlie stars are oonsiderecl. The enJculuB of probabilities enables us, in this case, 
to deduce from the hrightness of the ators of a certiun size some infereuees on tkeii* 
laeao diatancea. We shall return to this point. 

1- [Astronomers not only elaas the stars in magnitudes, but tabulate them in the 
ordM of their brightness in each oonstelladon, the principal stars being denoted by 
the Ifltters of the Greek alphabet. A star is described by a Greek letter, followed by 
the name of the constellation in Latin : thus a, or Alpha Centauri, denotes the 
brightest star in the ooustellation of the Centnur. (3 Lyrce is the second brightest 

star in tlie Lyre, nnd so on.] [The order of brig' ' ■ ■- - •■--■' 

adheredtti.— K..4,P.] 



is, boiyever, not ieiy strietlj 
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Wo here ^iva the naiues of tlie twenty most 'brilliant stars of tLe two 
hemispheres, which it is usual to consider as forming tlie first class. They 
are here arranged in the order of their hrightness ; — 



1. Siriiis. 


11. Aclieraav. 


a. Etd (») Argfis.* 


13, Aldebai-nii. 


a. CanopU3. 


13. Beta {&) Cer 


4. Alpha («) CentHin-I. 


U. Alplia (a) Ci 


5. ArctTU'UB. 


15. Aiitfii'e?. 


0. Eigel. 


10. Ataii-. 


7. Cap alia. 


17. Spiea. 


8. Tega. 


11 r midliKut 


0. Prooj-OD. 


10 Beta (A) tu 



ao PoUif 

Lastly, Eeguks, a bright star in the eon'^tellation of th' Lien is aho 
ranked by some iistvonomera inthehistnmgnitude while othei? unly admit 
in this class the first seventeen stai« m the aho^e bst These divergencies 
are of no importance. 

In proportion as the scale of brilliinc> oi magnitude is deai,ended 
the number of the stars contained m eai-h claas mpidly increases The 
number of second-magnitude stars in the entiie hewens is about b5 , of 
the third, about 200 ; of the fifth, llOO ; and of the sixth magnitude, 
3200. Adding these numbers together, we obtahi ii few over 5000 stars 
of the first six magnitudes, and these comprise very nearly all those that 
can be seen with the naked eye. 

The smallness of this number nearly always astonishes those who have 
not tried to form an exact estimate of the number of stars wHch shine in 
the celestial vault on the most favourable nights. 

The aspect of the multitude of sparMing points which are scattered 
over the sky makes us disposed to believe that they are innumerable, and 
to be counted, if not by millions, at all events by hundreds of thousands. 
This is, nevertheless, an illusion. All observers who have taken the 
trouble to make an exact enumeration of the stars visible to the naked eye, 
have arrived at a maximum of SOOO as the mean number which can be 
observed in eveiy part of the heavens, visible at the same time, at the 
same place : this, of course, is but half of the entire heavens. 

Argelander has published an exact catalogue of the stars visible ou 
the homon of Berlin during the course of the year. This catalogue com- 
prises 3^56 atars.lf According to Humboldt, there are 4146 visible on 
* It Trill be seen, subsequenHy, tliat the brightness of this star imdei^oes 
is vaiTiible ; it has recently desceu£el to the sLsth 

t M. Heis (of Mnnater) nlilrma that his sight is so penetrating that he caa per. 
ceiTe with the naked eye aOUO more stai-a than those catalogueil hy Ai^ehintla; in 
liis Urammietna Nova. On the other hand, there are roaay eyes whicli (Ustingmsh 
ftt moat stars of the fifth magnitude, and do not see any oE those of the sixth. 

The degree of -viaibility of the stars to the naked eye depends also on the state of 
the atmosphere, onits degree of puidtf, aad on. the altitude ot the place. Londoners, 
trt be aaanred oi these differences, have only to compare the Bparkliug eky of tlie 
country with that which they see through the haze which silraost conatanUy envelopes 
their city. 
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the liovizoii of Paris in the whole course of the year ; iiiid as this nnmher 
increases in proportion as we approach the Eqnatov, that is to saj', in 
proportion as the double movement of the Earth unfolds to us during' a 
year a more extensive portion of the heavens, 4G38 stare are already visible 
to the naked eye on the horizon of Alexandria. 

We repeat, the maximum number is comprised between 5000 and 
GOOO stars for the entire heavens,* including those seen by the most 




piercing and most accustomed eyes in !lie best nights for observation. 
When the atmosphere is lit up by the Moon, or by twiliglit, or, as happens 
in the great centres of population, by the illumination of the houses and 
sti-eets, tlie lowest mugnitude stars are effaced altogether, and the number 

* [111 the British Asaooiatlou Catalogue, lehioli is intended to include all stars 
visible to the naked eye, -without esception, tliere are nearly &I10U stara niatlied as of 
sixth magnitude and npitards. (The catalogne cnntains, fiowever, 8377 starain alll. 
This catalogue may be legoided as the mosi complete yet made, so for 09 the visible 
stars are ooncemed. It is on this account that I have selected it as thebttBisof my 
lai^e Star-Atlas, wMoh includes all the BOOO Btais ahove referred to.— R. A. P.] 

f This di-awiag is tlie repi'oduotion, on a small scale, of one of the maps of the 
beautiful Ecliptic Atlas published by M. Chacornac. 
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iiUilhlun, the more etisy is it to 



rf flioM M-iillfl la cu leqiientU mmli 
condnaion, that tlie iiioie detitlpil tlio « 
distinguish veiy taint it irs 

A -flord no^\ on the number of utiis tbat cfoi be seen with the help of 
the telescope Here v,e ishaW find the mimbera which our icuaginatiou 
had erroueou'Iv led us to believe are visible to the naked eye. 

Accoi-ding to the lUustiious Directoi ot the Observatory of Bonn — 
Ai'gelander — the &Lventh m^nitnde comprise'' nearly 13,000 stars ; the 
eighth, 40,000 , and lastly, the ninth, 142,000. The calculations of 
Strave give the total number of state visible in the entire heavens, by the 
aid of Sir William Herachel's 20-feet reflector, as more than 20,000,000. 
But, without doubt, these approximate nunibei-a are much below the real 
ones. It will be seen, besides, that the richness of the different parts of 
the heavens in stars is veiy unequal. The bright zone hnown under the 
name of the Milky Way alone contains, aceorfing to Herschel, 18,000,000.* 

Nothing is more cuniroa than to examine, both with the naked eye 
and by the aid of a telescope, the same part of the sky. 
There, when the eye scarcely distinguishes a few scat- 
tered stars, the telescope reveals thousands. The two 
figures (127 and 128) wiU enable those of our readers 
who do not possess a telescope to judge of the ^urpri&o 
experienced by those who make this observation. 

These drawings represent the same part of the con- '^'fnrt"'of'tie'«>D9ui^i° 
stellation of the Twins. The naked eye is able to see J^J,,;^*, ""' '^"'P^ 
six stars. Now the same celestial region, seen by the the naked oye. 
aid of a refractor of six inches aperture, contains 3205 sfai-s, varying from 
the third to the thirteenth magnitudes. It appears as a perfect mass of 
luminous points ; and were we to apply to the same region instruments 
alili more poM'erfnl, the eye would then discover at depths, so to speak 
infinite, stars of all the smaller magnitudes. 

* M. ChaPornae couaiders iMb estimiite as even less tlinii the niiniljer ofstni-s 
oompriaed between the firstatid thii-tesoth magnitude a. ' Fi>c raj part,' he remarks 
' eccorcting to Sir William. HeiMeliel's guogesi, and those of tba ICnliptio Charts, I 
estimate at 7T,OCK),0(iO thenumliar of rCots comprtned in the first thirteen magni- 
tudes, ]f ve take the mean indicated in the pr^soe to the Catalogue of Bessel's 
Zones, reduced Ly Weiss.' "What wotdd the number become if we added to these 
already prodigioas estimates, all Ihe star^ of ivl)ii:li tlie various star-clnstsrs now 
Imown are composed ? 
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11. 

THE CONSTELLATIOXS. 



Befobe Btodying one \>y one the phenomena which the starry heavens 
present to us — hefore penetrating, so to speak, to the heart of the visible 
universe, to grasp its mnrvellons structure, and to embi'ace in thought its 
tremendous extent, it is well to familiarise ourselves with the groups of stars 
such as they are presented to the eye of an iiihahitant of the Earth. The 
movements with which the so-called fixed stars are endowed, are effected, as 
we have before said, with extreme slowness : it follows, therefore, that the 
artificial groups or constellations preserve for a long period the same con- 
figurations. This constancy of form, joined to the difference of brightness 
of the principal stars, will enable us to extricate ourselves from the ap- 
parent chaos produced by so many Inminous points scattered ou all sides 
on the celestial vault. When we shall possess, in a manner, a mental map 
of the sky, we shall he able to follow with more intei-est the particular 
features which distinguish its various i-egions, which are as varied in 
reality as they are at first uniform in appearance. 

In order to make this survey of the heavens we must choose a station. 
Let it be London. As our globe, by virtue of its diurnal movemeni, 
completes an entire rotation on its axis in about twenty-four hours, it 
follows that the portions of the celestial vault, visible at our station, will 
completely defile before us during that time. Twenty-four houi*s, then, 
would nuffice ua to make our survey, if the illumination of the atmosphere 
did not efface the stars during the day. The succession of day and night, 
in fact, allows us only to see a portion of the visible stars in a given place 
at the same time of the year. 

Fortunately, however, owing to the movement of thcEartii in ite orbit, 
this difficulty disappears. In consequence of this movement, each night 
shows ns fresh stars, whilst those first visible disappear. In the course of 
a year, then, the Earth presents a dark hemisphere to every part of the 
sky — to all those parts, at least, which are visible on the horizon of our 
station. 

Lastly, it must not be lost sight of, that even then one entire part of 
the celestial vault will ever remain invisible to ua Londoners, Let us 
recall what is the effect of the diurnal movement of rotation on the aspect 
of the heavens in any given place like London, the station we have chosen. 
A point situated at a certain height above its horiaon, and'towards the 
north and on the meridian, remains immovable. It is one of the poles. 
Starting from this point in our survey, the stars seem to describe, from 
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rising to setting, larger autl larger circles, in proportion as tliey nre situ- 
ated further from the pole. As long as the lower arcs of these circles do 
not touch the liorizon, the stars situated on them do not rise or set, and 
therefore remain constantly visible: these are the northern cirmmpolar 

Beyond these, however, the circles described plunge partly below the 
horizon ; they increase as far as the equator, on the other (the south) side 
of which the stars describe shorter and shorter arcs. The last ones in 
our survey scarcely rise above our horizon, and when they do, shortly set 
and disappear. 

It follows, then, that there is a zone of stare which never rises above 
the horizon of London, and which remains for ever invisible to all places 
of the Earth having the same latitude. Tliese stars are those which sur- 
i-ound the southern pole of the heavens, and which an observer would 
become aoqnainted with by degwes, in approaching the equatorial regions 
of the Earth.* 

The whole of the heavens, then, in our middle latitudes, may be con- 
sidered as forming three zones ; the first always ■viable at night when the 
sky is clear, whatever may be the time of year, the second visible in part 
only ou any given night, the third always uivisible. 

Let us sueeessively pass tliese three zones under review. Let lis 
occupy om-selves first with that which is always in sight when the shy is 
clear, on al! points of the Earth which have the same northern latitude as 
London. From the mouths of the Thames and Rhine, as far as the 
southern extremity of Kamtschatka, passing by Antwerp, Cassel, Central 
Poland, Orenbonrg, Southern Aaatic Russia, and Northern China, in the 
Old World, and tlie Aleutian Islands, Queen Charlotte's Island, and the 
southern parts of British !North America in the New, all the inhabitants 
of (he parallel of which we speak view the same spectacle during the whole 
year ; the hour only, at wliich the various constellations are on the me- 
ridian of the different places, differs. 

Suppose it midnight, at the end of autumn, near the 20th of December; 
it is the night of the winter solstice. Let us look towards tiie north. Let 



« Byvirtueofthe t 
portion of the oelesUal sphere visible ii 
of the place. 

At ilie Equator the whole sliy, both liorOiein and southern, passes before onr 
view at night, dniing the entire j-enr. The two poles lie on tlie horizon, of ivliich 
they mark tlie north and south points ; the celestial equator crosses the sky from 
east to west, pns^ng through the zumth. 

In proportion as we truvel irom the Equator towards one or other pole, the por- 
tion of the visible sky diwinishea even down to the half, for nt the poles themselves 
only one-hnlt of the heavens, nortli or south, nccording W the pole, is seen. The 
eelestial eqnator then forms the horizon, and the celestial pole is in the zenith. 

[A little thought will show us that, as seen from the poles, the stats never set, 
they perpetual'^ desoiihe droles parallel to the horizon. At the Ec^untor, all rien 
and set every day ; the movements of the equatorinl stars being vertical. In mid 
latitudes, the paths of the equatoiial stars nt-e intei-mediate between these two roain 
directions.] 
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iFDEnp-.lL SYS'J 



iia imagine a cii-cle wliicli, touching the horizon at the nortli point, extends 
Bomewlint beyond the aeiiitli* The centre of tliie ideal circle wiJl he 
found ft little alaove a point nearly equidistant between tlie zenitli and tlio 
liorizon ; it is the Noi'thera Pole of the Heavens. Jfear this point is seen 
a rather brilliant star of the second magnitude ; it is named the Pole Star, 
Aa it is important to know how to recognise this star, the position of 
"ivhicb i-emains nearly invariable during the whole course of the year, we 
will show how this may be done,. 

If we examine fig. 12'.l, we shall find a group of seven stars, six of the 
second magnitude, one of the fourth. It composes a constellation of the 
northern heavens Iniown for ages under the name of the Great Bear. Let 
us scan wi=ll this i>urt of ilie sky, whence we jball soon malie many nlignmentH 




to help ns in our survey of the starry heavens. The seven stars of which it 
is composed may be divided into two groups, the first of whieh, towards tbe 
upper part, forms a quadrilateral, wliich is called the iodi/ of the Bear, whilst 
the three lower stars form the tail. The two extreme stars of the body 
ai-e called the pointers.f Six of the seven principal stars of this cimsfel- 
lation are of nearly equal brillinncy, and of the second magnitude. Bnt 
it is easy to perceive, with the naked eye, that the star in the body of the 
Bear nearest to the tail is inferior in hrilliancy to the othei-s : it is now, 
indeed, only a fourth -magnitude star, although in the seventeenth century 
it was as bright as its neighbours. 



* The zenith is the point of the lieavens siinrili 
the observer. 

f The Great lleur lias also lieeii Mllod ' Clmi-lps 



cflllj- nbova the head of 
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Tlie star in tlie middle of the tail (or shaft, if we think of Charles' 
Wain) is accompanied, on the left, by a very small star called Aloov, 
easily eaougli distinguished liy an (irdinary eye* The naked eye per- 
ceives 138 stai-a in the Great Bear, amongst which, besidea the principal 
seven, are eight stars of the third magnitude, and six of the fourth; the 
others belong to the two last ordere of brightness perceptible to the un- 
assisted vision. From the Great Bear let ne retuni to the Pole Star. 

To do tliis, let ira pi-obag the straight Ime which joins the pointei-s 
(so called because they point to it), carrying our eye along this line to- 
wards the cenli-e of the portion of the sky in our sight when looking 
north. At a distance of about five times the apace which separates these 
two stars we shall find the Pole Star. The Pole Star plays an im- 
portant part in the nortliera heavens, since, being very near the pole, it 
is, BO to speak, one of the pivots of the ideal axis round which the Earth 
executes its real diarnal rotation, and the Heavens tlieir apparent one in 
h pp n It follows, tlierefore, that it appears immovable, 

d p he same elevation above the horizon, while the other 

es be d it circles of unequal size. Thus the Great Bear, 

f the pole at the time we have chosen for the com- 
m neem peodon, mounts towards the zenith as the night ad- 

Mice T K o'clock in the morning it will be above, or to the 

h P tar ; whilst at six in the evening it will occupy a 

y opposite, below the pole and near the horizon. 
A 11 pattieipate in the movement, it is clear that, as their 

a d lot cliange, the figules of the gronps remain aUvays 

Th m st be well borne in mind. To the west of the Pole 
S h h ight above the horizon as the Great Bear, and at 

n y h d nee from the pole, is seen another gi'onp of six stars, 

the second magnitude, three of the third, and one of 
h the constellation 0AS8i0PBA,t which contains sixty,- 

n ai-s 16 b the naked eye. The six which we have mentioned 

form a kind of reversed chair, or a bad W, the figure of which, once tho- 
roughly caught, renders this constellation easy to i-ecognise^ 

Between -tlie Great Bear and Cassiopea is the Little Bear, of which 
the Pole Star is the most brilliant star. Of the twenty-seven stars visible 
to the naked eye wliieli compose. i£, there are seven which form a figure 
having a great resemblance to the seven stars of tlie Great Bear, bnt 
ari'anged in an inverse order : the four intermediate stars are seen witli 
difficulty. 

Beiow the Little Bear a series of stars fonns a sinnons line prolonged 

nearly to the pointers, and terminated at one extremity by a group of 

four stars ai-ranged in the form of a trapezium. This is the DnAGos, 

* Humlioldt sffiiTned that Aloor eovild be but mrelj seen -with the nakeil eye in 

Europe. Let our readera judge of itH present briglitiiesa for themaelvea. 

f By drawing a line from the miiliile stnv of ths Great lienr (the least brilliant 
oftlifl HOven), to the Pole Stnr, and rrolnngirg it t'l a iienrly equal distance, llie stni- 
Beta Ifi) Cossiopeuj is reacliBil. 
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which, among 130 stara visible to the naked eye, contains only one of the 
second magnitnde and nine of tlie third. 

CerHEUs, the Giraffe, and the Lynx, are three other constellations 
near the pole : the first between the Little Bear and Cassiopea ; the second 
oppoMte the Dragon ; the third on the same side as the second. Neither 
one nor the other offers anything very remarkable, especially the Giraffe 
and the Lynx, all the stars in which constellations are at most of the 
fonrth magnitude. 

Among all the stars which, on the horizon of London, never set, the 
brightest is a star of the first magnitude, known under the name of 
Capella, in the constellation of Auriga. 

About the 20th of Decemher, at midnight, Capella is near the zenith. 
This remarkable star can he fonnd by prolonging the line which joins the 
two stars of the quadrilateral of the Gwat Bear, nearest the pole, Auriga, 
which contains sixty-nine stars visible to the naked eye, comprises, besides 
Capella, one star of the second magnitude, and three others between the 
third and fourth. 

In the number of the constellations visible, at least partly, during the 
whole year, the stars of which, as they sun-ound the pole, have, aa we 
have seen, received the name of Circumpokr staw, must he ranked 
Perseus, situated near Auriga. It occupies, at the time we have chosen, 
a western position, relatively to this latter constellation, above Casslopea, 
Of eighty-one stars visible to the naked eye, one is of the second magni- 
tude, six are of brightness superior to the fourth. Among these latter is 
Algol, noted for its variable light, alternately passing from the second to 
tlie fourth magnitudes. We shall apeak, further on, at some length on 
this singular star. 

Before continuing our description of the celestial vault, and of tlie 
groups into which the stars have been formed, we will say one word on 
the aspect of the Northern Circnmpolar Zone. 

We have supposed, to desciibe it, that the time of observation was 
midnight, on the 20th of December. But it is easy to find the actual 
appearance and the positions of the various coustellatjons for any hour of 
the night or any night of the year. We know that the entire rotation of 
the diurnal movement is effected in tweuty-four sidereal houi-s. In six 
hours, therefore, a quarter of the total movement is accomplished, and it 
therefore follows that a constellation — such as Cnssiopea, for example — 
which at midnight is to tha left of the polo, was above it at six o'clock 
in. the evening, and will be found below it, near the hoiii^on, at six in the 
morning. 
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THE CONSTELLATIONS (Contikui^d). 
Our Survev (m 

Let ns return to t!ie stars visible at midnight on the 20th of December. 

This immense zone very nearly embraces hnlf the hoi'izoa from east 
to ■west, passing by the south, nnd extendiug in altitude to the zenith. 
It comprises the moat beautiful constellations and the most brilliant stars 
in the heavens. It is divided obliquely by the Milky "Way. 

Orion occupies nearly the middle view. This magnificent constellation 
forms a iiuadrilateral, higher than it is broftd, in the centre of which three 
stars of the second magnitude are aiTanged in a straight line. 

T f tl t n f tl quadrilateral, named BetelgeusQ and Kigel, 
reftl fitn tl Betelgeuse is remarkable for the reddish tint 
1 t 1 ht A th 115 stoi-s visible to the naked eye, besides the 

t ra t b 11 t lided four of the second magnitude, and five 

h t th 1 1 the fourth. 

I p I t w d the north-west the line formed by the three 

stars m the belt of Onon — the name given to them — the eye perceives a 
red star of the fiiBt magnitude ; this ia Aldeharan, the most beautiful star 
of the constellation of the Bull. Aldebaran is in the midst of a group 
of small stars named the Hyades. A little farther, in the same direction, 
will be found the Pleiades, so easy to recognise in tlie heavens by reason 
of the six stars visible to the naked eye, which compose this interestmg 
group. The Bidl contains 1 21 stai-s visible to the naked eye below the 
second magnitude. 

If now we prolong towards the south-east of Orion the line which has 
found for us Aldebaran on the north-west, we perceive, near t!ia edge of 
the Millty Way, the constellation of the Great Doo, which inclndes 
Sinus, the most brilliant star in the two hemispheres, remarkable on 
account of its scintillation and by its dazzling whiteness. 

Towards the west, and nearly at the same height as Betelgeuse, shines 
Procj/on, on the other aide of the Mi!l;y Way. This is a star of the first 
magnitude, and the moat brilliant one in the constellation of the Little 
Dog. Betelgeuse, Piriua, and Procyon, form a triangle, the three sides of 
which are nearly of the aame apparent length (fig. 130). This circum- 
stance enables us easily to recognise these stars. 

Above Procyon, and towards the zenith. Castor and Pollux point 
out the Twins, which include, beaid^ these two stars of the first and second 
magnitudes, fifty-one stars visible to the naked eye. Towards the west, 
and by the side of the Pleiades, hes the constellation of the Eam, and, a 
little below, those of the "VS'hale and EniDAurs, neither of which, in 
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tli058 [larts visiUo to ns in London, coiitaiii any utara of tlio iii'St 
magnitude. 

But while we are enumerating and contemplating tliis Lvilliant portion 
of the heavens, the stars defile across it, set, and <lisnp[ieHi' in the west, 
whilst others rise in the east, revealing new constellntious. 

Before passing these under roview, we may mention that the southern 
hoiizou presents the same nspcct at the epochs and houre mentioned 

below : 

Blidnight SOili of DecemWr. 

Sli o'eloek in the eyeuiug . aand of Mnivli. 

Noon aOlhofJiuie, 

Six o'clock in Hie moroing . a-Jnd of Sepiember, 
From the 20th of Decemher, the time of the winter solstira. to the 
22(id of 3larc!i — the vernal equinox — by reason of the Earth's jour- 




ueying alonjr its orbit, the part of the heavens ojiposed to the Sun, and 
therefore visible at niglit, changes progressively. By this movement from 
west to east, we gradually see new eastevn conatellationa at the same hours 
of the night. 

Thus, by the 32nd of Slai-ch, at midnight, the aspect of the southern 
starry vanlt has almost entirely changed, and in place of Orion, which is 
then setting, the Ijtok occupies the centre. The Milky Way is inclined 
to the west, and etits the horizon towards the north. 

The principal stars of the Lion fonn a hind of traiiezium, the western 
sidefoHaing a half-cirele like a siclde. It is at the lower extremity of 
the handle of this instniment that Ecguliis, a. star of the first magnitude, 
\yhicli is also named the Ijion's Heart (Cor Lconu), shines. DmchoJa is 
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tlifj stai' sitnateil at tlie otlicv extveraify of tlie tvapeKumi. Of the seventy- 
five Biars visible to tlio naked eye in tiiis consteHation, without counting 
llegidus, tiieie ate thiee jf the second mngnilu^le ond five of the third. 
Three stara ot the tii't oidei slime with Retfulus in the heavens visible to 
«a, at the tnne we have thoser lu the south west, Procyon is not yet 
set. Then nt the sam^ altitude as thiB stni but to the east of the Lion, 
is Spioa m the Virotk which will sooe ascend the meiidiau ; and, lastly, 
Abotdiius, the most biilhant star in the constellation BoOtes. Spica, 
Ai-efui us and Denebola foim the summits of a tiinngle, the sides of which 
(ire iieailj equal and ot which the line which joins the two latter etare 
form the base iieniU pni illel to the h iizou (fi.,. 151). 

'ihe ^ in ind lutles i w th tl e Li i xlm most impoi'tant con- 
stcllati I a 1 I I ] ■> hi t c 1 tin? 1 h in 1 J, and the second eighty- 




five Btovs Tisilile to the naked eye, amongst which sixteen exceed in bril- 
liancy stars of the fouvfli magnitude. Between the Lion and BoOtes, a 
cluster of stars lyinp: very near together is perceived : this is Beuenice's 
Hair. To the east of Aroturas, six stars, arranged in a half circle, the 
most brilliant of which is named AljiJtela, form the Nouthern Crown, 
bebwwliich are found the Head of (he Seupent and Ophiuchus. Lying 
iwund Spica, and a little below, towards the hoiiaon, ai'e distinguished 
the Balance, the Chow, and the Cop. The two first constellations only 
contain a few stai-s of the second magnitude. Lastly, in t!ie mist on the 
horizon apjwar a few still's of the Sconi'ios and the Oestaur, constel- 
lations which we shall a^ain meet in our survey of tlie celestial zone whidi 
surrounds the Sonthem Pole. 
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To conclude our exflminatioa of the constellatioiis Yisible on the 22ud 
of MtiTch, at midnight, we must notice the Huhtiso Doob, tibove 
Berenice's Hair; the Little Lion, above the Lion; the CRin, to tlie 
■west of Regulus ; and, lastly, dose to the horizon nnd the Mill;y Way, 
the Wateh Snake, where biilliantly shines Cor Ilijdrm, a variable stav 
of the second magnitude, and the Unicorh, below I'rocyou. 

The zone which we have just described occupies, on the horizon of 
London, the same position at the following epochs and hours : — 

Mfirch aand Midnight. 

June 30th Si:c o'doolt in tlie evening.* 

Septemlier iSud . , . . Noon. 

Beeemljer Slltli Sis o'clock in tlie moi-ning. 

Oa the 20th of Jnne, at midnight, another part of the equatorial 2one 
s before our eyos. 




The constellations of the Northern Crown and BoOtes, the Serpent, 
the Balance, and the Virgin, which, on the 22nd of March, occupied the 
eastern part of the stany vault, are now at the west, Arcturua is 
situated vertically above Spica- Tlie Millcy Way, now divided into two 
lai^ branches, rises obliquely from the southern horizon towards the 
north-east, 

Thi'ee stars of the first magnitude shine at nnequal heights in three 
different constellations. These are, going from west to east, Anfares, or 
the Heart of the Scorpion, which ecai-eely rises above the hoi-izon near the 
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Milliy Way. Afterwards comes Yeffa, in the Lyiie, wliicli is nearly in 
tbe zenith, and, lastly, at a mid height, Atair, iii the Eagle. 

A few words on the constellations now in view. 

"VVe have first, to the west of the Northern Crown, nearly in the 
zenith, Heiiccles, 'which, ia a total nirmher of 155 stars visible to the 
naked eye, includes only two approaching the second magnitude, and teii 
between the third and fourth. It is towards a point in tliis constellation ^ 
as we shall see anon, that onr Sun is actually travelling, carrying with 
him all hia system of planets, satellites, and comets. 

To the east of Hercules ia the Lyre, where we have already noticed 
the briUiant and white Vega, easily recognised by the four stars which 
foi-m helow it a little parallelogram. 

Stil! going towards the west, to the left of the Lyre, tlie constellation 
of the SwAs is noticed : this travei-ses the Milky Way, and its most 




Fi«. 13S.— Tiio Hsavcns of tlio iioriaoii of Tendon, lln! Lyro, Swiiii i d Eij 

brilliant star. Alpha Cygni, is between the first and seccnd ma2;n:tud a 
This star forms, with four others of the third magnitude a large cioas 
which at this hour is inclined to the honzon, and serves to distinguish the 
constellation to which it belongs. 

Alpha Ci/giii forma also, with Atair and Vega, a laige is^isceles 
triangle, that is, a triangle two sides of which are nearly cjual In the 
Swan is found a small star which, though scarcely visible to the nal ed eve 
is celebrated in astronomical annals as being the first the distance of which 
has been measured. Tlie Swan contains 145 stars perceptible to the 
unaided sight. 

The Fox, the Aanow, the Dolphis, between the Lyre, the Swan, and 
the Eagle, contain no remarkable star. 
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-281 TUE SIBEREAL SYSTEJI. 

ISem- tlie horizon towards tlie east are perceived tlie constellations of 
the Watekbeahisr and of the G-oat ; then, partly in the Milky Wny, 
the Aeohbe. Here we again, meet tlie stars of the Scorpion, timoiigst 
which is Antares, which will soon disappear under the horizon, with the 
f onr stars with which it fonns a sort of fan. 

Ahove the Scorpion, Ophiuchos and the Sebpent are entirely visihle. 
Four stars of the second magnitude, and seventeen hetween the second 
and the fourth, ai-e met with in these constellations. 

And here we finish our survey of the equatorial zone of stars visible at 
midnight at the summer solstice. This zone presents the same appearance 
at the four following epochs ; — 

Jiitie30t!i Midnight, 

September aSi^d , , . , Sis o'clock in tbe evening. 

DeGember SOdi Noon. 

Mnreh d^ud Sis o'clock in the nuiming. 

Ifc remains for us, in order to finish our description^ of the ^staiv: 




visible above the horizon of London, to pass in review the constellations 
of the equatorinl eone, as they appear at midnight at the autumnal 
equinox. 

If at that time — fhe 22nd of September, at midnight, — we tiirn onr 
eyes towards the south, we embrace in our view all the i-egion of the sky 
which extends from the west to the east as far as the zenith. 

In the west nppeare Atnir, in tlie Eagle, and higher up the Swan ; at 
the east, the Pleiades, and the Biii,L, in which constellation shines Alde- 
baran. Orion, alreacly partly visible, will soon mount above the horizon. 
■^Ve have surveyed, hetween December and September, three quartern of 
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THE COxNSTELLATIOXf!. 285 

tlie sliy, wliich have (lefiied before ouv eye?, or rather the whola starry 
vault, if we inchide the stara now visible. 

Towards the middle of the heavens, a little nearer the zenith than the 
horizon, lies ft larg^ square of four stars, three of ivJiich are of the second 
and one of the third magnitncles. Cloae to this, and on the etistern side, 
are three other stars of the second magnitude, about the same distances 
apart ; these make of the sc[uare which we have mentioned a much more 
extended figure, having a ^reat i-eseinblnnce to the group of the seven 
principal stars of the Great ISear. Of these seven stars, three belong to 
the constellation of Pegasus, three to Akdhojieda, ami, lastly, the most 
eastern one is no other than Algol, the variable star in Perseus. 

Andromeda and Pegasus contain between tbem 191 stars visible 
to the, naked eye, amongst which twelve only exceed the fourth magnitude. 

Between the sqiiare of Pegasus and the Bull we meet with two constel- 
lations, the Fjshes and the Ram : this latter contains only two rather 
brilliant stars, situated at nearly equal distances from the Pleiades and the 
two eastern stai-s of the square of Pegasus. Below the Fishes and the 
fiam is the Whale, some of the stars of which are below the horizon. 

Among ninety-eight stars visible to tlie naked eye in this constellation, 
n the second and fourth magnitudes, and two of the second, 
g the first, one is very remarkable on acconnt of the periodical 
variations of its brightness, which sometimes cause it to appear as a star 
of the fourth magnitnde, and sometimes efface it snfficiently to render it 
invisible ; this is JlftVre (the marvellous), or w Ceti, 

To the west of this constellation, we again find the Waterhearer and 
the Goat, then, quite to the south, and touching the horizon, the stars of 
the SouTHEEX Fish, amongst which we may distinguish, if the atmo- 
sphere he pure, and terrestrial objects do not intervene, Fomalkaut, a, 
beautiful star of the firet magnitude. 

The zone, which we have passed under review, offers the same a?peut 
at the following epochs and hours ; 

Septemlier aanil Midoiglit. 

Deeerolier SOth Six o'clock in the evening. 

Jlnreli 3-2nd Noon, 

June aOtli Six o«lo;'k in Hie jDoraLnB. 

Let us add, in terminating this rapid review of the southern part of 
the sky visible in London, that the figiires which have helped us to 
recognise the different constellations may also be used at otlior epochs of 
the year, and at other hours of the night. Only, the stars still preserving 
the same relative positions, will be diversely inclined to the horizon. The 
more the hour la advanced beyond midnight, then the more ivill the 
weateiTi stars have disappeared, while more new stars at the east will be 
seen. This constant change, which results from the dinmal movement of 
the Earth, will be produced in the same manner, if we pass from one day 
to the other, or from one month to the follo"'ing one, so that at the same 
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liour of tlie night the stars successively visible in the same part of the sky 
:are situate in. constellations more and more eastern. 

We have already said that this second apparent movement of the fitarry 
vault is due to the translation of the Earth in its orbit. This is effected 
with great slowness. Thus, for example, the displacement, whicii 
Teqnires six hours of diurnal rotation, demands three whole months of 
annual revolntion. 



THE CONSTELLATIONS {Co> 



Fnoji the northern hemisphei* of the Earth, where wc have heen placed 
until now to ohseiTC the staiTy vault, let us transport ourselves to the 
southern one. Let \is choose a place, the distance of which from the 
Equator is precisely the same as that of our fii-st post, that is to say, one 
situated on the parallel which passes tlirough the antipodes of London. 
Let us suppose om-selves, for example, placed on a part of the coaat of 
Patagonia, near to the south poiut of South Ameiica. There, all the stars 
forming the Northern circumpolav zone, which on the parallel of Paris 
never set, would be constantly invisible. Looking away from the Equator, 
that is to say, towards tlie North, we shall see pass before us, from one end 
of the year to the other, all the constellations of the equatorial zone which 
we have just descrihed. 

But the stars will here be found an-anged in an entirely inverse order, 
at least relatively to the horizon ; so that the two stars of the great 
t[uadrilateral of Orion, which in London formed the haae, appear as the 
upper side; Sirius, which appeal's in the northern hemisphere to the left 
and telow Orion, will be here found to the right, and higher on the 
horizon. This change of aspect is easily explained by the complete change 
of the observer's position. But if we look southwards, we ahidl be able to 
observe a number of stai-s imknown to the terrestrial zone which extends 
from the parallel of London as far as the northern pole. These are the 
constellations which surround the southern pole of the heavens, and which 
never set on our new horizon. If, tlien, we pass in review this zone, we 
shall have terminated our description of iJie whole celestial vault. 

Let us choose the 20thof December, tlie period of the winter solstice, — 
the commencement of the warm season in the southern hemisphere. It i? 
midnight, and the perfectly pure atmosphei-e permits us to contemplate the 
sky in all its splendour. The Milky Way, ramified into di^eise branches, 
rises slightly inclined on the horizon, on the left, ihat is, tlic uaitBi-n =ide. 
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But what at first most strikes ws iu tlie celestial picture epreail out before 
ua is the imiltitude of brilliaat stars which, follow the course of the Mill;y 
Way as far as the zenith, and, pawing over our heads, go behind ns, to 
rejoin Siriiis, Procyoii, AMebnvan, nearly on the nortliern horizon. 

Let us begin by the constellations which compose this glorious girdle. 

Nearly at the height of the pole, four stars, one of which is of the first, 
and two of the second magnitude, form an elongated figure lying parallel to 
the horizon. These are the principal stars of the Southern Oboss — the 
Pole-star of the South. 

Below the most brilliant star of the Cross, and between two branches 
of the Milky Way, two stars of the first magnitude point out the great 
constellation of the Centaub, in wJiieh the eye perceives five stars of the 
second magnitude. The Centaur extends to the east and north of the 
Cross, which it nearly entirely siuTonuds. We shall, in a future chapter, 




have occasion to speak of the brightest star of this constellation, which is 
not only remarkable for its light; we shall see that it forms a system of 
two suns, revolving one round the other ; and also that it is the nearest to 
us among the stars tlie distances of which have been measured. 

Below tlie Centaur, and near the horizon, appear a great number of 
stars of the third and fourth magnitudes, which form the constellation of 
the WoLP. One detached branch of the Milky Way traverses the Wolf, 
and is lost in the Scoi-pion, of which only a few stars have risen at this 
hour above the horizon. 

The Altail and the Southern Tkianole, which lie along the Milky 
Way in looking towards tlie pole, and in which there is nothing rcmark- 
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able to notice, bring iia back, above tlie Cross, to the mngniflceiit constella- 
tion of the Sail', oi' Anoo. Here a multitude of bright stars, aiTanged 
round the i)ole, give to this region of the sky an incojuparable splendour. 
Cauopus, looked upon in old times aa the most brilliant star in the celestial 
vaiilt after Sirins, is at this hour close to tlie zenith and nearly in the 
meridian ; whilst above Alalia Cruets, Eta Argus astonishes iis by its 
unusual magnificence. This singular etar, which, varying in brilliancy at 
different times for some two hundred years, has at length reached and sur- 
passed the brilliancy of Canopns, and has banished it to the third rank in 
the scale of the stars of the first magnitude. 

From the Ship we pass, without meeting (iny remarkable eonstcllntion, 
by the Fi.vrsc Fisii, JJop.adus, and tbo' Ur/ricuLE, iiuil wc arrive at 




EniDANua, of which we have already noticed the part visible at London. 
It is at the extremity of this constellation, iiearest to the pole, that Adiefnar, 
a beautiful star of the Jirst magnitude, shines. To the right of Acbernar, 
three stars, one of the second, the two otbei's of the thii-d order, form the 
Phossix, below which, returning to the horiKon and to the meridian, are 
found Toucan, the Crane, the Indian, and the Peacock, Two stars 
of tlie second magnitude, and some of the third, distinguish these con- 
stellations, the positions of which can be exactly recognised in iiga. 1S5 
and 1.37. 

In this enumei'ation of the circumpolar constellations of the South, we 
have said nothing of the stars situated at the Pole itself. The reason ia 
simple; there are none deserving mention, and, with the exception of the 
star (3 Hydro; none approach the third magnitude. 
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THE COKSTRLLATIONS. 2S9 

There is not, then, ia the southern sky, any star analogous to Polarh 
in the northern heavens. But we have already seen that this poverty of 
the polar regions is singularly compensated by the number and brightnesa 
of the stars which entirely surround the zone which we have just described. 

Let TIB add, that outside the Milky Way, and in the vicinity of the 
least brilliant parts of the zone, appear two objects which give to the starry 
vault a very singuiar aspect ; they are two whitish clouds of unequal size, 




which eeem, at first sight, detached portions of the Milky "Way itself ; 
these are the Great and Little Clouds -nhich astronomers still desig- 
nate under the popular name of Magellani Clouds We stall subsequently 
describe in detail these curious appearances. 

Now, that the appearance of the sky is known to us, we will examine 
into it a little more closely, and study in detail tieae thousands of fires, 
these suns and groups of suns, which the telescope multiplies with such an 
astonishing profusion. 
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V. 

DISTANCES OF THE STAES. 



The stars are suns 

Each of those luminoiis points, which the unaaaisted sight reveals to 
ne hy thousands on the vault of heaven, which the telescope shows hy 
millions in the depths of apace, shines with its own light. Each star is a 
focus from ■which, doubtless, bodies analogous to the planets of our own 
system, and forming with their central sun a system similar to ours, receive 
light and heat. The stupendous conception, which affirms the whole 
visible universe to consist of an almost infinite mnltitude of snns, is no 
longer a gratuitous hypothesis, or a simple conjecture ; it is one of the 
most firmly established truths of astronomy. 

The data which science now possesses relating to the immense distances 
of the stars, of those even nearest to the Snn, place the fundamental fact, 
that each star is a light-source, and does not shiue with yadianee borrowed 
from the Sun, beyond all doubt. 

We will in this place go over the evidence on which this assertion 
depends. We shall by-and-by endeavour to give an idea of the methods 
which have furnished it. 

As long as we were dealing with our own system, we found it possible 
to express the various distances by taking the diameter of onr own globe 
as a standard measure — as a unit. Thus we found the mean distance 
from the Earth to the Sun to he about 12,000 Earth diameters, 
or 95,000,000 miles ; and the vast distances which separate the Sun from 
the planets, situated on the confines of the Solar system, were expressed 
in the same manner. But when, breaking the bounds of our Solar system, 
astronomers wished to measure and to express the distances of the stars, 
even of the nearest among them, they soon found that the former unit, or 
sounding-fine, vanished into a point compared with the immensity to 
which they had to apply it. 

Nay, even the radius of the terresti-iah orbit itself, a measuring-rod of 
some 95,000,000 miles in length — a distance which a eannon-bafi would 
require twelve years to traverse — was soon found insufficient, and still 
remains so for a great many stellar distances ; but the improvements 
continually effected in the methods of observation, and in the measuring 
instruments themselves, have at length enabled some of our most celebrated 
astronomers to measui-e approximately the distances of some few stars, and 
to tell us how many radii of the EarUi's orbit they are removed from us. 

The first result obtained was in the case of a star, nearly invisible to 
the naked eye, situated in the constellation of the Swan, and marked 151 in 
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the star-maps and catalogues.* The distance of this star, the first in the 
order of diseovei \ the seen d m the scale of maj^uitude is iieirly thiee 
times as great as th'\t ot hp of the hii^htaat stai-s ot the heaien Alpha 
{«) Oentauri which aecurdino to our present 1 nowledge is the neaie-^t to 
f 11 th stars 

41pl a Oentauii is distant from us more than 2uO 000 times the mean 
d t ee f the Sim fiom the Earth — more than IJ OOUCUOOOOOUO 
ml Ih m st powerful im^ination m \ain fries to pictuie this feaiful 
T ta n vain the mind would heip line ipon line numlei upon 

li n h f hnilge the immensity of this abvs« Let i;s see if by some 
th m ns hy imiges oi comparisons we can — th m,h certainlj not 
w th tl p c sioii ■which attaches to nniiibeis — apj eal to oin tenser tO 
comp h nd this faU 

E y one kiows with what wondertul lapidty h^lt truels the 
1 ght wa are pi p'»j,ated it the late of 1 02 000 mdea a second Now 
J n-ple c^lcuhtion will fchtw that a 1 ght lay leaving a Cental ii 
viU t ch oui e>etin the enl of three years and seven m ntha When 
on the surface of our Earth, on this grain of aand belongmg to the system 
governed by our Sun, we endeavour to picture to ourselves a long 
distance — a hundred or a thousand miles, for instance — it is with 
difficulty we can form an idea of it. We can only represent it well to our- 
selves by associating with the sense of sight the perception of time : we ask 
ouiselves, for example, how many hours or days are necessary to accom- 
plish the distance. What is, then, this distauce of 192,000 miles f which 
light traverses in a second ? This distance is an abyss to our imagmation. 
But, lastly, supposing we could grasp, as in a bird's-eye view, this 
distance, already so considerable, 1st us associate it with the short duration 
of a second ; and then let us imagme that a single day of twenty-four houra 
86,400 such intervals : and let us stay to contemplate the 
s distance to which the luminous ray would arrive after a day's 
journey — it will have plunged into space to a depth seven times greater 
than the distance of Neptune. Still, according to what we have just 
stated, it would not have accomplished the thousandth part of its route ; it 

* The fame of this first and important determination is due to the illustrious 
aatronomer SeaseL Peters, tlie two Stcnyes, Henderaon, Maclear, Soliloter, and 
Wicbmum, have also distisguislied tlismselves iu these reseiU'oheE. 

Iihe Telooity of light here given, as we hma said before, ■will possibly require 
fieation. Some remarkable eKperiraente, based on a method both eiaot and 
iBgeniouB [theapplioataon of Wheatatone's rotating-niirror], have led M. Leon !Fon- 
cault to a mneh reduced value. The velocity of the I^ht is, aooording to him, abotit 
184,000 miles a seoond ; and his modifioalion entails a corresponding reduoliOD in 
the number whiuh expresses the distance fcom the Earth to the Sun. 

Until a complete discussion of this question shall have established the correctness 
of these ne^wY^uea, and until thej shall be generally accepted, ■we have preferred to 
retain the old ones, thcmgh there ie little doutit that the new ones are nearer the 
truth. The inconvenienee, if there be any, is reduced by the fact that the rekuive 
distances between the various bodies of the Solar system remain intact, as also those 
whioh give the distances of the stars expressed in radii of the terrestrial orbit. The 
time which the light from these bodies takes to reach us is also, of course, unaltered. 
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must continuo its course for 1300 days with the same tremendous velocity, 
journeying ever on during three entire years before it attains the nearest 
star — that hriiliant sun of the southem heavens, « Ceataui-i, Such, in 
every direction, are the dimensions of the space devoid of stars which 
surrounds our Solar system. 

And, nevertlieleBa, the stars nearest to us only are here in question. 
From a Lyrje, from the aparkling Siriua, light requires more than twenty 
years to reach us ; from the Pole Star, half a century is needed. Lastly, 
to traverse the apace which separates Capella from the world on which we 
live, or, as it may be stated, 425,980,000,000,000 miles, 72 years, or a 
man's whole Kfetinie, would be required. 

Shall we endeavour to ohtain, from another point of view, an idea of 
these distances ? Suppose a spectator placed at one of the extremities of 
the line which joins our Sua to a, Centauri. At this point, the entire 
radius of tlie Earth's orbit would be hiMeu bv a thread of a -i^ inch in 
diameter, teld at a distance of 650 feet fiom the oye that is a line 
95,000,000 miles in length bolted at broadside on at this distance w luld 
appear but as an imperceptible pomt 

We give bel w a table of the jiincipal distances already deteimmed 
expressed in ladii of the Earths orbit ^ey can be eon^ erted into miles 
by multiplying them bv ^5 ' *UC 0< HJ miles the length of fhat oib t 

We give also the number ot jears required by light t> travel the 
different distance 



Ql (.jgni 


5 ^0 


J -i 


Vega 


1 3oO Jll 


210 




Id 500J 


2i0 


1 Ursie Maoris 


1 oO'WO 


35 




1 ras bOO 


i6 


PQlms 


8fOO 


50 


Capella 


4 484 000 


710 



Other smiUer distances are also krtown but with less precision neirly 
all are still greater than those here given. None are less tban the distance 
of a Centauri. 

Thus, if we imagine a sphere having for its centre the Sun, and for its 
radius 200,000 times the mean distance of the Sun from the Earth, none 
of the innumerable stars whiet we see shining during our nights will be 
comprised wifhiu it. And nevertheless, the volume of this ideal sphere 
contains 275,000,000,000 times the entire volume of our planetary sphere 
— the radius of which stretolies from the Sun to Neptune. The comets 
have here full scope to accomplish their most excentric revolutions, and to 
describe ellipses bordering on the parabola. 

If we now imagine our Sun plunged in space, to the distance of the 
nearest star, and calculate, according to the laws of optica, what will be 
the reduction of its light, we flud that it will but put on the brightness of 
a star of the second magnitude, that it will shine with the brilliancy of the 
Pole Star, and the principal stars in the constellation of the Great Bear. 
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DISTANCES OF STARS, 293 

Is it BOW understood how inipossible it is tliat the stars can shine by 
reflected light ? At the distance at whicli the nearest of them are from the 
Sun they receive from the focus of our world a light the intensity of 
whicli, as we have just shown, does not exceed that of a star of the second 
magnitude. If each atar were a dark body, the light which it would 
receive from the Sun would he at most eqtial to that received by us on 
our darkest nights, when but a single star pierces through a thick stratum 
of clouda. And even this feeble glimmer would require to again traverse 
the immense abyss which separates the star from the Earth, before it 
reached us twinkling and brilliant as we see it. We might then affirm, 
on this ground alone, which supplies most incontestable evidence, the 
astronomical truth, which we announced at the beginning of this chapter. 
[But there is much more convincing proof to which we shall refer anon.} 

The stars, then, are suns. Each of them is a focus of light and heat, 
and probably the centre of a system which comprises, like ours, planets, 
satellites, and comets. Each star, in fact, may represent a system. 

The distances of some stars being aproximatfily known, is it possible to 
deduce from them their real dimensions, as has been done in the ease of the 
planets and the Sun ? It is not, and for a simple reason : the apparent 
diameter of the most brilliant stars is so small that it defies all measure- 
ment. The finest spider's web, placed at the focus of an optical instru- 
ment, entirely hides the disk of these bodies. When, by the movement of 
the Moon across the constellations, the limb of our satellite reaches a star, 
the occtiltation is instantaneous. The extinction of the light, instead of 
being gradual, is sudden and complete. This fact is not extraordinary, 
when we consider that the diameter of the Sim, removed to the distance of 
the nearest star, would not measure a hundredth of a second of are, — an 
angular quantity so small that it is entirely inappreciable. 

But if we suppose that the intrinsic intensity of the light be the same, 
for Sinus, for example, as for the Sun of our system, we shall arrive at 
pretty dear, if only conjectural, views on the dimensions of this magnifi- 
cent star. On this hypothesis, the diameter of Sirius would be fifteen 
times that of our Sun^ so that, even in granting to its light an intrinsic 
brightness triple that of the Sun, the dimensions of Sirius would still be 
five times greater, and its volume would be 125 times that of the Sun. 

Doubtless these numbers are below the reality ; doubtless, also, in the 
multitude of worlds, so distant and so different from ours, the most varied 
dimensions distinguish the centra! bodies and the spheres in which their 
direct action is felt. 

So much for our first siet«h of the dimensions of the visible universe. 
We shall return to this interesting subject, when we describe the structure 
of this vast ensemble, such as the most recent investigations in sidereal 
astronomy present it to us. 

We shall aleo consider not only isolated stars, but systems of suns, and 
the series of groups forming clusters luore and m 
and more extensive. 
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THE SIDEEEAL 6YS'. 



MOVEMENTS OP STARS. 



It was for a long time believed that the stars presei-ved invarialily their 
relative poaitioiiB ; tliiit they and tie Sun also were immovahle in space. 
Hence, the t^tatjixed stars, which has ao long been assigned to them, ia 
opposition to the wandering ones, or planets. Modem astronomical obser- 
vations, rendered tnnch more precise by the perfection of the ii^tniinenta 
now employed, hs& at length exploded the idea of the immovability of the star. 
Movement ia the common law of all bodies. In our Solar system, the 
planets and their satellitea are endowed, as we have seen, both with a 
movement of rotation round their centres, and with a movement of revolntion 
round their common focus. As to the Sun, it is now known that he 
also turns on hie axis in about twenty-five days ; and, lastly, comets like- 
wise possess rapid movements, which carry them to great distances beyond 
the limits of the planetary world. 

More than this, the Snn himself moves through space, and draws with 
Iiim all his numerous train, and yet the distances and relative positions of 
the different stellar bodies undergo no apparent change. Member of a 
vaster system, and one still unknown, he describes in thousands — in millions 
— of centuries, perhaps, his immense orbit. 

The same thing holds with all the other suns or stars ; the movements of 
a great nnniber among them have been demonstrated, and already even we 
possess some knowledge of the direction and velocity of these movements. 

Let us endeavour to show, by the aid of a familiar comparison, how it 
is possible to assure ourselves of these fticts. 

Let us suppose ourselves immovable in the centre of an extensive plain, 
crossed by roads and railways in various directions, on which pedestrians, 
eai-riages, and trains, are travelling with varying velocities. If these 
moving bodies are near us, tliey appear to move with great relative 
rapidity, Butthemoredistanttheyare, the more their apparent velocity will 
diminish, until, when oil the horizon, they appear to move with a slowness, 
which nearly approaches a state of rest ; at this moment, if we examine 
them with a telescope, their apparent velocity will again recover somewhat 
of the rat« it had lost, but only to vanish again in proportion as the dis- 
anoe becomes more considerable. 

It is thus with the proper movements of the stam : at first completely 
mperceptible, they have at length been revealed to astronomers furnished 
with powerful instruments, and provided, moreover, with measuring 
apparatus of infinite delicacy. It has thus been showm that many stars 
are displaced with uneijual velocities and in different directions. But wn 
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STARS. 295 

must not be mistaken in the magnitude of these movements, or think we 
can detect them in a single observation ; it requires, indeed, the patient 
observations of years to establisli them. 

Let us qnote some examples. 

The brightest atav of EoOtee, Arcturua, requires a whole century to 
traverse only the eighth part of the diameter of the Moon. a. Oentanri, in 
the same interval of time, is displaced a quantity measured by the fifth of 
this diameter. Many others move more slowly still. The moat rapid 
movements are those of the star 61 Oygni, tie distance of which has, as 
v^e have seen, been measured, and of two stars of the southern heavens, one 
in the eoastellation of the Indian, the other in the Ship. 

Nevertheless, these three bodies would each require more than 300 
years to move across the starry vault a distance equal to the Moon's 
diameter. 

Of course it is only here a question of apparent velocity. To deter- 
mine the real velocity, the distances of the stars of which the proper 
motion is measui-ed must be known ; now, this element is known — at least 
for some among them. 

It has thus been found that Arcturus moves through space with a 
velocity not less than 197,000 miles an hour, or 54 miles a second. We 
give a table of some of the velocities* which have been determined : — 

Miles a aecoud. 



61 Cjgni 40 

Capella '30 

Sirias 14 

a Centauri 13 

Vega 13 

Polaris U 

Thus these stars, which were believed to be fixed, are in perpetual 
motion ; nay, the velocity of some of these distant worlds much exceeds 
that of the planetary bodies, which varies, as we have seen, between three 
and thirty miles a second. The Earth, which moves in its orbit with such 
prodigious rapidity, travels three times more slowly than Arcturus. 

HI d t th knowledge of the fact that the Solar 

sy t m t If t t t'v es through space ? Another famihar 

ccmj 11 h Ip t this question. Let us place ourselves 

ag tl t f t plain, bordered at the horizon on everj' 

sid th f ea d ff tl g uped. So long ae we ourselves are 

at t tl bj t leepth m lative positions and diatances, Btit 
if m y d t wh t happens ? As we walk, the trees in 

fr t f pe t — d llj separated ; while behind us, on the 

CO t y th y 11 g d 11 t rer together, will close up ; whilst on 
eith dtljwU mt d la direction contrary to our move- 

m t th be t 1 m ly tfecta of perspective. But between all 



T 1 ar p bly 11 eater, since tlie paths i 

eld, bashpj OS h n question. 
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tliefie apparent movements ia various directions, and tlie direction, of on 
walk, tJiere ia an intimate connexion, the stndy of which, if we were nc 
conBcions of onr movement, would enable us to detect it. 

Now the immense expanse of the heavens is our plain, and the trees o 
the horizon are the stars and the eonstellatione, and the traveller whom a 
have imagined to walk ia a given direction is the San and its system. 

There are, however, between our supposition and the reality d' " 
which somewhat complicate the problem. The stars, as we have seen, 
have a real movement of their own, and there are other apparent move- 
menta, owing to the movement of revolution of the Earth, and the 
combination of tiis movement with the velocity of Hglit. It has, tliere- 
fore, been necessary to unravel these complicated movements, and to sift out 
the real from the apparent ones. 

If to tliese difficulties we add those which result from the extreme 
delicacy of the mcaaiirements required, and of the variation of the measur- 
ing instruments themselves, au idea will be formed of llie sagadty, patience. 




and genius, which have been necessary to arrive at such magnificent con- 
clusions,* 

Towards what portion of the sky, tiien, are we travelling ? According 
to the most recent calculations, the Sun is advancing towards a point 
situated in the constellation Herculesf with such velocity that in a year 
11 traverses more than once and a half the radius of the terrestrial orbit or 
153,000,000 m es— a o t 4 m I a ec d 

The moi m t f S n a es p a j nd a c 

unknown to us The pese p nfastnaesiana e 

* The astr n n m h h e temp d d and d h b n 

problem, are, amng WHliAgndU& M ai 
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Pleiades heiiig the centra of this movement, but pieu«e kmjn ledge on this 
point is difficult fo arrive at. 

If the stars move unequally and ui difterent directions, — if the Sun 
progress towards a certain pumt m the heaYen'f how will this eventually 
show itself in the aspect of the starij ^ ault > By a continual change, 
which will ultimately give to the constellations groupings vastly differing 
from those under which they are at present seen. ' The Southern Cross,' 
says Humboldt, ' will not always keep its characteristic form, for its four stars 
trnvel in different directions and wit!i unequal velocities. At the present 
time it is not known how many myriads of years must elapse until its 
entire diKlocation.' We may, then, rest quiet, and study the sky as it is, 
without fearing present confusion : let us leave to our descendants of the 
year 9000 to determine the position which the star of the Hunting Dogs, 
known as No. 1830 Groombridge, will then occupy. It may possibly be 
found in Berenice's Hair ! 

[The Astronomer Royal has recentl de ' ed a method by which the 
whole problem of the Sun's proper mo has been s Ived de novo, and on 
principles undoubtedly far more exact tl an u et applied. It may be 
thus described. Let us conceive that the 8 has a certain motion in 
space : that is, let us assign a veloc tv v and a d reetion indicated by 
certain mathematical relations, — the angle nam 1 at vhioh the line of the 
Sun's path is inclined to three fixed h es n space at right angles to each 
other. Now, when this is done, we can deduce an expression for the ap- 
parent motion of each star on the celestial sphere, on the supposition that 
the aesumed solar motion is stopped. In order to do this, however, we 
must adopt some hypothesis aa to the probable distances of the stars of 
various orders, and also as to the probable eiTors in the estimated proper 
motions of the stars. These considerations being attended tfl, and the sum 
of all the motions (or rather of their squares) deduced on tlie above as- 
sumption, we have then to find what values for v and for the three angles 
refevred to above, make the sum leait. These values are the inoit probable 
elements of the Sun's motion. It will be noticed that the process is free 
of all hypothetical considerationa except those depeoding on the distance of 
the fixed stars, and on the probable nature of errors of observation. The 
results obtained by Airy's method, skilfully worked out under the super- 
intendence of Mr. Dnnkin of the Gri-eenwich Observatory, accord most 
satisfactorily with those obtained by other methods. But, altliougb the 
result which gives the greatest reduction of the stars' apparent motions, 
accords well with former reaults, tiie reduction is not ao "reat as theoreti- 
cally it might be expected to be. The present writer ha 1 n ha f om 
the observed average proper motions of the different 1 f a the 
distances of the fainter stars have probably been overr d — and ha the 
reduction will be materially increased when this consid a an mto 

account. By mapping the stellar motions, he has also sh w ha gns of 
star-drift exist in certain regiijns of the heavens, which e d a n for 
the amalluess of the corrections deduced by Airy's method, — R. A. P.J 



Hosted by 



Google 



VII. 

DOUBLE AND MULTIPLE STARS. 



There is, in the vicinity of Vega, the brightest star in the constellation of 
the Lyre, a small star which appears elongated to some posscBsed of very 
been eyesight, and this appearance suggests that it may really be composed 
of two luminous points ; indeed it is only necessary to examine it with an 
opera-glaas to see that it really consists of two stars sepai'ated by an inter- 
Yal equal to about the ninth part of the apparent diameter of the Moon.* 

Here, then, we have an example of a coarse and easily divided double 
star, which a keen eye or an opera-glass of small magnifying power is 
Buflicient to separate into its components. But this is not all ; if we employ 
an instrument of considerable optica) power to examine each of the two 
stars of which the coarse double is composed, we find that each component 
itself consists of two stars so near together that the intervals separating them 
are not more than the ifj^th part of the total distance of the couples them- 
selves.-j- so that we have here a dowbh-douhle star. A star which appears 
single to the naked eye becomes quadruple when examined witii a powerful 



A century ago, only about twenty double stars were kno^vn ; now, 
however, we possess catalogues of more than 6000.J Now, is the union 
of two auna in a small space of the starry vault to be looked upon as purely 
accidental, or must we rather consider it to indicate a real physical con- 
nexion of the two bodies — a real system ? 

On the first supposition, the proximity of the two etats to each other 
would be attributed to an effect of perspective; tbestars themselves, though 
widely differing in their distance from us, lying in the same line of sight. 
In the second case, the two suns ai-e at nearly equal distances, and their 
apparent connexion proceeds from the relative smallness of the interval 
which separates them. 

HeniM a shifting of double stars into optical and physical pairs. As 
soon as the number of double stars began to increase, it was thought ex- 
tremely probable that groupings of this Idnd might not aU be owing to 
the effects of perspective ; and the existence of real systems of suns was 
BHggeated, before even observation had directly coniirnied it ; this sugges- 
tion has since been abundantly justified. 

Out of a total number of 6000 double stars Imown at the present time, 

* 3' S7". The star is Epsilon (i) "Lyrie. 

f Struve. 

t Kiroh, Bradley, riamsteed, Tobie and Christian Mayer, Sir W. Hersoliel, in the 
last century ; the two Strnvea, Bessel, Argelander, Enclie and Gall, Preass and 
Madler, and Sir John Heraehal, in the first half of the present one, have assisted in 
the discovery of these paii-s, now so numei-oui and so interefiting. 
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OSO have lieen demonstrated to be physically connected systems — two 
SUDS, turning round a common centre of gravity. There are still more 
complicated groups — systems of three, or four, or even more suns In the 
consteUatioa of Orion, near the centre of the gl nous nebula which we shall 
soon describe, there is a system where the unai led sight nlj distinguishes 
a luminous point. With the help of a powerful telesc pe however thi 
point is divided into four stars ; these can be seen in a smill telescope in 
the form of a tTapezium ; but when the telescope of 5 or h inches ipeiture 
is used, two of the stars in the trapezium are themaeh es teen to be ai,com 
panied by two other very small stars, forming altogether a gioip of a ^ 
suns (fig. 139). ' Probably,' says Humboldt, the se'^tuple stir 6 Ononis 
(generally called the " trapezium of Orion "), c nstitutcs a leal ■51 stem tor 
the five smaller stars have the same proper motion as the pimoipal okp 
We may add, that Mr, Lsaaell has disooveied a sp^enth ttai m ti s 
remarkable system, so that S Orionis is a eeptujle 6tar An attentn e stu Ij 
of this group, on which the attention of aatron meis is fixed as it loims 
such an admirable test-object for their instruments will e^entuallJ "show 
ua what truth there is in Humboldt's statement the various stars will be 
seen to progress in their orbits, and , 
science will he enriched with a new 
fact well worthy the attention of 
geometers: — the reeiprocaJ and simul- 
taneous movement of seven suns. 

What magnificence, what variety 
is there in the constitution of the 
sidereal universe I Our Solar system 
places before us the grand spectacle of 
a central star surrounded with more 
than a hundred planetary bodies and i''S- ^'':^j^ Haa^ten °^ °'^'"°' 

thousands of comets harmoniously 

executing their eternal evolutions round the focus of their heat, their light, 
and life. 

In the unfathomable space which surrounds our system, have been 
revealed to us, at prodigious distances, millions of stars, which are so many 
suns, surrouuded douh^ess, for the most part, with a cortege of planets Hke 
our own. And more than this, among these myriads of systems, we 
become acquainted with some which present to us the more marvellous 
association still of suns grouped by twos, and threes, and fours, moving 
round ench other in the same manner as with us the planets move round 
tlieir common centre. 

Not only is the division of double stars into optical and physical couples 
not arbitrary — founded as it is on 'precise observations — but it has 
furnished valuable data for the solution of several most important pro- 
blems in stellar astronomy. A word on this subject. We can at once 
recognise that the two components of a double star, or a real or physical 
Bj'Stem, when the movement of revolution of one round the other is o' 
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TbuB, the satellite of Castor,* and those of the stars, jj Cassiopeie, p Serpen- 
tarii, I Ursffi Majoris, have completed an entire revolution ranee the epoch 
(1 780) of the first observations. 

The pbyeicfll couples are again distinguished by another character, — a 
comraon proper motion ; that is to say, when this is in the same direction 
and extent, it ia extremely probable that we are dealing with a veritable 
system, although their movement of revolution is so slow that we cannot 
detect it. As to the optically double stars, they are distinguished by the 
opposite characteristics ; in other words, no movement of revolution can 
be detected in them, and the proper motion of one is not participated 
in by the other. Such is the case with the optical couples formed by the 
companions of Vega, Atair, Pollux, and Aldebaran. 

If the double stars of the first kind — the physically connected ones — 
have increased man's knowledge of the constitution of the Universe, by 
showing the identity of the laws which govern the stellar worlds with 
those of the movements of the planets, the optical double stars have fur- 
nished, as we shall see in a future chapter, the means of measuring dis- 
tances, and tlms of sounding the depths of the heavens. 

We will now proceed to give some details of the principal double stars, 
the movements of which have been observed and the orbits calculated. 

There exists in the constellation of the Great Bear, very near that of 
the Lion, a star designated in the catalogues by the Greek letter §, known 
as a double star since 1782. The two components of this system are, one 
of the fourth, the other of the fifth magnitude. The movement of revo- 
lution of the second round the fi.rst-|- having been detected, a French 
astronomer, Savary, determined by calcnlation the ekments of the orbit. 
The period of revolution is sixty -one years, whence it follows that, since 
the discovery of the system, the orbit has been entirely traversed, and that 
one-third of the second period is already completed. 

The elliptieal or oval form of the orbit of this binary ia very decided ; 
its excentricity is comparable to the orbits of onr periodical comets, since, 
even among the telescopic planets, there ia no orbit which differs so much 
from a circle. But among the double stars there are some the orbits of 
which are still more elongated. Such is that of a Centauri, the period of 
revolution of which exceeds seventy -eight years. 

We may cite the following periods of double stars which have been 

determined:— jHercuUs 38 jeai-s 

; Ganori 69 „ 

/i Coronie Borealia .... Cfl „ 

p OpliiacM 93 „ 

yVirginis 130 „ 

61 Cjgni ....... 45a „ 

. • Castor ia a binary sratcm to Tvhieli. according to Strnve, doubtless beinngs a 
tliird star, which participates in the proper movemant of the two others. Here then 
nre two suns accompanied with a third s>in fifteen times more distant from the flrst 
than is the second. 

f Or. rather, llie movement of each star round the corazHOn centre of griivity nf 
the system. 
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Theie is as. la een L\ tlii tillp ^rfit Miiel^ m the periods, tlie 
latter suipaasmg the first by twehe times But it is probable that 
some still more dTvergent will he found In Beienices Hair, and in 
the Lion theie are two pairs the first of which has a period of less 
than tonrteen ^eara whiht the Be(,oiid Lompletes its oibital movement in 
twelve centuiies. • 

If we have been able t j detei time the form of the paths described hy 
these pairs of suns ind the duration of their periodical movements, we are 
still — to speak generally — tar from knowmg the absolute dimensions of 
the orbita : to determine these we must, of course, Imow the distances of 
the stars from us. We know this, however, in the caae of a Centauri and 
61 Cygni. 

The mean distance from each other of tke two stars which compose 
the second of these systems is not less than 1,019,000,000 miles. Com- 
pared to the distances of the planeta from the Sun, this distance is com- 
prised between those of Saturn and Uranus. The ovhit of the companion 
of 61 Oygni has a mean radius of ahont forty -five times the distance of the 
Snn from the Earth, or more than 4,275,000,000 miles. Let lAS bear in 
mind, that such ^raensions are quite lost to the unaided sight; so immense 
is the distance of these stars that a powerful telescope only can divide 
them. 

That astronomy has arrived at such a point of perfection as to he able 
to calculate the elements of sneh distant systems is indeed an admirable 
result, and a proof of the power of calculation when. 8Ui)ported by ob- 
servations worthy of confidence. But this is not all ; it is now demon- 
strated, that the laws which regulate the stellar systems are identical with 
those which govern the bodia of our own system ; we have thence been 
able to form an approximate estimate of the masses of these bodies. Thus 
it has been found that 61 Oygni — that small star scarcely visible to the 
naked eye — weighs more than a third of our Sun, 

Quite recently, the exactitude of these theoretical deductions has re- 
ceived a brilliant confirmation. Every one knows Sinus, the brightest 
star of the heavens. While studying with minute care the proper move- 
ment of this magnificent sun, the illustrious Bessel — one of the greatest 
astronomei-s and geometers of the century — suspected the existence of a 
satellite, the mass of which, acting on the central star, produced variations 
in its movement. Was this satellite a dark body analogous to our planets, 
or a secondary sun, the light of which is lopt in the dazzling rays of 
Sirius ? On this point nothing was known ; other astronomers attempted 
the same problem, and one of them, M. Peters, calculated for the unknown 
orbit a period of fifty years. Such was the state of things when an Ame- 
rican optician, Mr. Alvan Olark, on the Slst of January, 18fi2, in turning 
a new and powerful telescope on Sirius, discovered the satellite, the cause 
of the observed perturbations. Since that time it has been again seen by 

* Both these f erioda are, however, uneertoin. 
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otlier astronomers ; * and it now remains to verify by observation the 
orbit and period calculated before its discovery. 

Wten a branch of science, scarcely Itnown two centuries ago, and cul- 
tivated steadily less than a hundred years, arrives at such r^ulta, wbat 
may we not hope for the future progress of sidereal astronomy ? 

Doubtless, many points will long remain in the domain of conjecture. 
But, withont overstepping pvobabihties, it will gradually be more and 
more possible to form a correct idea, both of the unity of the laws which 
govern the celestial bodies, and of the infinite variety of the phenomena 
which they offer to man's observation. 

We may thua liken the innumerable suns scattered over the heavens 
to tie central body of onr own system. Doubtless, round each revolve 
other bodies, some like our planeta, others, perhaps, gaseous, like our 
comets. The phenomena of day and night, and of the seasons, egfuo 
occur in those secondaiy worlds, rendered invisible by their immense dis- 
tance. By carrying ourselves to the phenomena of our planetary system, 
we can conceive those eternally going on in the worlds of which we 
speak. 

But how much more varied still must be the phenomena in those sys- 
tems, composed of two or three, or even more suns, with their varying 
lights and heats, sometimes combined and sometimes experienced in suc- 
cession. Let us imagine ourselves, for example, on one of the planets of 
the triple snn -^ Cassiopete ; the movements of rotation and revolution of 
such, a planet, combined with the movements of revolution of the three 
light-giving bodies, would bring on its horiaon sometimes one, sometimes 
the other of the suns of the system, and sometimes, also, two or there 
at a time. To periods of day and night would succeed periods of con- 
tinuous day ; and the temperature and seasons would vary also by reason 
of ever new conditions. To these we must add the varieties of colour 
which characterise the lights of the component stars of the system, — 
varieties which would produce on tbe planet sometimes red days, some- 
times green or blue ones, or even days illuminated by a light compounded 
of these three colours, in varying proportions : an idea will thus be formed 
of the odd effects of light, and singular contrasts which objects must 
present according to the hour of the day and the time of the year. 

That brmgs us naturally to say a few words on the colour of the stars 
in the simple or multiple systems. 

[ttPacia, 
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VIII. 

COLOURED STAES. 

Variety of Colours presented by the Stars — Colours of Single Stars — CoIoutb of 
Double and Multiple Stars-— Variations observed ia Colour; presumed Cauaes 
of their Changes. 

The rapid variations of brightaeas, which a star presents to the naked 
eye, are ordinarily aecompanied with instantaneous changes of colour ; 
and to these two phenomena eonihined has been given the name of ' scin- 
tillation.' It is, however, known that these changes .do not take place iti 
the star, but are cansed hy our atmosphere, through which the luminoiis 
waves reach our eye. 

But, independently of these apparent and ever-changing tints, the 
stars possess real and constant colours, arising from real differences in the 
nature of the hght which they emit. 

This we can all see for ourselves. If we ohserve some of the most 
brilliant stars in the heavens, it will he remarked that the light of Sirius, 
of Vega, of RegnluB, and of Spica, ia perfectly white, whilst Betelgeuse, 
the brightest star in Orion, and Aldeharan, show a decided red tint. 

The Greek astronomers, as remarked by Arago, only recognised red 
and white stars. Now, however, that this branch of observation is care- 
fully cultivated, all colours, all the tints of the rainbow, have been de- 
tected in the light of different stars.* 

Among the single stars of reddish tint, we may quote Aroturus, 
Antares, and a star in the Whale, the famous Mira Oeti, which we shall 
again soon meet with among the variable stars. Procyou, Capella, and 
Polaris, are yellow. The hght of Castor is green, and that of « Lyr» is 
of a decided bine tint. Nevertheless, white is undoubtedly the colour of 
the great majority of stars. 

These diverse and permanent tints can only he attributed to real dif- 
ferences in the natnre of the light emitted by each sun. If the hypothesis 
of a photosphere, or incandescent gaseous envelope, now admitted by 
many of our astronomers in the case of the Sun, be extended to the phy- 
sical constitution of the stars, it suffices to suppose a different chemical 
composition in the photospheres of these bodies, or different absorbing 

* Observations of this nature are very delicate : and although the use of tele- 
scopes renders tliem more certain, as the star is deprived of nearly all its scintilla- 
tion, they are still subject to errors, proceeding both from tlie personality of the 
observer and the pecoliaritiea of his instrument. We are surprised that there has 
not yet been instituted a precise mode of observation, in employing, for essmple, a 
cbromatio scale, the degrees of which would serve for terms of comparison with the 
ooioored lights of the stars.' 

Imyth 
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304 THE SIDEREAL i^YSTMI. 

procepses going on iu tlieir atmospheres, to explain tho 1 ff f 

coloiir. Doubtless, also, the degree of tie temperature of tl 1 t 

media will go for something m influencing the phenomena. 

It is in the double and multiple stars that the colour f tl 1 gl t is 
presented with all its brightness and richne^. The great t t d 

tinguiahea the colours of the components of these system al Ij 
remarkable from so many other points of view. 

The illustrious and laborious astronomer of Dorpat and Poulkima, 
M. W. Struve, who has oonseeiated thirteen years of watching to the 
examination of 120,OilO 'tars amongat which he has found more than 
3000 double stars, thus w rites on this subject : — 

' The attentive observation oi the blight double stars teaches us, that, 
besides all those which aie white aO the colours of the spectrum are to 
be met with ; also, when the principal star is not white, its light borders 
on the red side of the spectrum whilst that of its sateUite offers the bluish 
'tint of the opposite end ^Nevertheless this law ia not without exception ; 
on the contrary, the moit general case is that the two bright stars have 
the same colours. I fiad, indeed, among 596 bright double stars, — 

376 the two componBDtaof wliioii havetlie snme colour and tlie same ifltenaitj ; 

101 of the same colour, willi a different intensitj; 

lao of totally different colours. 

' Among the stars of the same colour, the moat numerous are the 
white, and of the 47() stars of this kind I have found 
391) in which the two components are wbite ; 
lis thej aie lellon or reJlish ; 

03 , th y aieLlui h 

It nai t tirst believed that the blue colour was a simple effect of 
cuntiast Mig tj thefeeblpness of the h»ht of the smaller star, com)iared 
tj the yelliw and more biilhant light of the principal one. But if this 
0[ tical ilh sion be s metimes met with observation shows that it is acci- 
dental and that blue stars do really exist Indeed Struve has as often 
met with a blue satellite to a wlite star as to one of a decided yellow. 
Beside couplPB are ment ined rt which the components are both blue. 
Such aie the double stai'^ o Serpentis ai d 5^ Andromedse. Lastly, there 
IS m the Southern heavens a ^r up lumposed of a multitude of stars, 
which aie all blue 

All possible shades we ha\e lefoie said ire met with in the coloured 
double «tara y\ hite is luund mixed with light or dark red, purple, ruby, 
and ern 1 on Here we have a green star with a deep blood-red corn- 
pan on there an orange primary aeeompanied by a purple or indigo-blue 
aatpn te The ti pie star, y Andromeda, is formed of an ovanga-red sun, 
accom pan ed with two others, the light of which is of an emerald-green 
Colo r [If ndeed, one be not blue and the other yellow, the green re- 
s It K from the close juxtaposition of the two.] Two stare, the distances 
a d )erol ot wl se revolutions we have already cited (61 Cygni and 
a ( nt ) 1 a e each for their components two orange-yellow suns. 
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According to Sir John Herschel, a group, situated in the Southem Otobb, 
near the star Kappa, is extremely remarkahle. It is composed of 110 
stars, of which seven only exceed the tenth magnitude. Among the 
principal ones, two are red and ruddy, one is of a greenish blue, two are 
green, and three others are of a pale gi-een. ' The stfu-s which compcee 
it, seen in a telescope of diameter large enough to enahle the colours to he 
distinguished, have the effect,' says Herschel, ' of a casket of variously 
coloured precious stones.' * 

We have already remarked, that it is necessary to distinguish between 
the real and constant colours of the stars and the instantaneous and oft- 
renewed variations due to scintillation. Nevertheless, the constancy of 
the real colour is not absolute. 

It seems at length to be an undoubted fact, that certain stars do 
change colour. Sirius is the first example of this. The aadents repre- 
sented it as a red star, while at present this sun is distinguished by its 
brilliant whiteness. 

Two double stars, one of the Lion, the other of the Dolphin, noted as 
white by Herschel, are now composed of primaries of golden yellow, ac- 
companied by a reddish -green star in the first pair, and a bluish-green 
one in the second.f 

But, after all, this variation of colour will seem less astonishing when 
we see how much the brightness of the light of the stars itself is subjected 
to variations. 

The cause of the colours of the stars, and of the changes of tint they 
undergo, -is still, as we have before remarked, not entirely accounted for. 
' It must be left to time and careful observation,' says Arago, ' to teach 
us if the green or blue stars are not suns in the process of decay, if the 
different tints of these bodies do, not indicate that combustion is operating 
npon them at different degrees.' 

AU that can be at present said with certainty is, that the celestial 
spaces, far from presenting to ns immutability and immobility, are the 
theatre of incessant movement and continuous transformation. 'I'he study 
of variable stars, and of new or temporary stara, whidi have suddenly 
appeared to disappear as suddenly, will again furnish us with decisive 
proof of a truth that has takeii us so loug to learn. 

* ' Asti'onomiciil Observations at the Cape of Good Hope,' p. 15. 

t This vanalion dnes not seem to be esplained by tlie difference of the instrn- 
mentM used, since the mirrors of Hersehel's teieficope gnve rather a reddisli tint to 
all olijects; and it was Struve who first established their colour iviih the Invge 
Ponlliowa refractor. 
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IX. 

VARIABLE STARS. 



There is in the constellation of the Whale a star marked on the maps hy 
the Greek letter o (Omicron), which astronomers Icnow also under the 
Latin name of Mira (the mavvellons). This star has heen long remarked 
on account of the periodical variations of its brightness. During each 
interval of eleven months it passes through the following phases : 

Dnring fifteen days it attains and preserves its maximum trightness, 
which is equal to that. of a star of the second magnitude. Its light after- 
wards decreases during three months, until it becomes completely inviaibie, 
not to the naked eye only, but even to our telescopes.* 

It remdna in this state during five "whole months ; after which it 
reappears, its light increasing in a continuous manner during three other 
months. Its cycle of variability is then ended, and it attains again its 
maximum brightness to pass a second time through the same phases. 
These singular variations have been known since the end of the sixteenth 
century; but the exact measure of the period was only effected a century 
later. At the present time it is known with great precision, and ia valued 
at 331 days, 15 hours, and 7 minutes. 

In truth, irregularities have been discovered in the period of Mira ; 
but these irregularities also are subjected to a periodicity which rendei^ 
the phenomena still more interesting. The greatest brilliancy does not 
always rank it in the same magnitude. Sometimes it scarcely exceeds 
the fourth, whilst at certain epochs (in 1799, for example,!) its light m 
almost as brilliant as that of the first magnitude, and it ^ 
inferior to Aldebaran. 

Mira is not the only example of the periodical change of brightness of 
stellar light; and the duration of the variations is not always so long as 
in it. Algol, in the head of Medusa, in the constellation of Perseus {fig, 
140), is at least as interesting as Mira, hut its period is much shorter, 
and it is never invisible, even to the naked eye. . A star of the second 
magnitude during two days and thirteen and a half hours, it suddenly 
decreases, and in three hours and a half descends to the fourth magnitude. 
Then ite brightness regains the ascendant, and at the end of a fresh 
interval of three hours and a half attains its maximum. All these 
changes are effected in less than three days, or, more exactly, in. 2 days, 
21 hours, 49 minutes, 

* We ai'B anrpcised thnt obsevvations of this siagulav slat have not heen pursued 
with the most powerful instvuraents during the petiocl of iuvisihililj. It is only 
known thnt it is then below tlie eleventh niagnilude. 

t The 6th No¥omber, as cited in Humboldia ' Cosmos.' 
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Among the variable etara with long periods, Betelgeuse, one of tha 
four stars of the great trapezium of Orion, may also be mentioned, the 
period of this star is nearly 200 days. 
There is a star in the Swan, the vari- 
ations of which areeSected in 406 days. 
Three of the seven stura of the Great 
Bear vary in periods imperfectly known, 
but they certairdy embrace several yeara. 
In the number of variable stars 
with short periods, 5 Oephei is dis- 
tinguished by the regularity of its 
ehanges of brightness, which iast 5 
days, 8 hours, 40 seconds. This star 
has been observed since 1784. 

LastJy, there is a great number of 
stars, the variability of which is proved 
without their periods having yet been 
determined, either because these periods 
are irregular, or because the tims they 
occupy is very considerable. 

The preceding examples mil suf- pig. i^.-VariabiaBtEa- Algol in 
fice to give an idea of the interest 

attached to these singular phenomena, the cause of which, although sus- 
pected, is still unknown. The periodidty even of the changes observed 
indicates that the variations of brightness are possibly produced by a 
movement of rotation of the variable itself, or by the movement of revolu- 
tion of a dark or opaque body round the luminous body. 

On the hypothesis of the rotation of the variable stars, it has been 
held that the different sides of the body vary in luminosity, and even, in 
certain cases, are completely dark.* Spots of large dimensions, analogous 
to solar spota, and encroaching on a part of the surface of these suns 
during long intervals of time, have been suggested to account for the 
phenomena. 

On the other hand, if each star be considered the focus of the move- 
ments of dark bodies similar to our planeta, — an hypothesis which is far 
from being completely improbable, — it must happen to a certain number of 
them, that the planes of the orbits of these secondary bodies, if prolonged, 
would pass through onr system. In this case, at each revolution there 
would be an eclipse to our eyes of the central body, a partial or total 
eclipse, according to the dimensions and the reapeotive distances of the 
dark satellite and its sun. Many satelhfes of nnecj[ual periods would then 
explain the different phases of variability, 

* The idea of Maupartuia, that among the suns there axe, donbtleas, some of 
which the Eomis differ from a sphere, and which are pvesented to as, by reason of a 

Bccordanofl with the printtiplea of meohaoics, whloh account for the figures of 
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Another ei-pKnatioa f the \ariabihtv of certain stare has been stig 
gebted by the fact that Inring the minimum ot bnghtnees some of these 
bodies have appealed BUTiomded with a kind f mist Th s is that the 
vanabihty la oniiig to the mtei poaition of nebuloia masses travelling 
through space and which net being self lum nous would veil oi even 
quite extinguish the star's in question 

[The question of variable stais one of the most puzzl ng in the whola 
domain of astronomy hab lectatly engaged the attention of Mr Baltoui 
Steivart who has done so much gxd worlc on the Sun — which by tbe 
waj IB d ubtless a vaiiallo star He lemarltf V\ e are entitled to 
conclude that m our own system the ippioath of a phnet to the Sun i") 
favourable to lummosity, and especially m that portion ot the feun which 
is next the planet. Let us take variable stars. The hypothesis which, 
without being physically probable, gives yet the best formal explanation 
of the phenomenon there lepresenfed, is that which assumes rotation on 
an axis, while it is supposed that the body of the star is not equally 
luminone on every pait of its surface. Now, if instead of this, we 
suppose such a star to have a large planet revolving round it at a small 
distance, then, according to our hypothesis, that portion of the star which 
is near the planet, will be more luminous than that which is more remote ; 
and this state of things will revolve round as the planet itself revolves, 
presenting to a distant spectator an appearance of variation, with a period 
equal to that of the planet. Let us now suppose the planet to have a very 
elliptical orbit ; then for a long period of time it will be at a distance from 
its primary, while, for a comparatively short period, it will be very near. 
We should, therefore, expect a long period of darkness, and a compara- 
tively short one of intense light, precisely what we have in temporary stars.'] 
Among the variable stars, [as if in proof of Mr. Stewart's hypothesis,] 
binary couples are t' d S h is / V inn' f wh' h have had 
occasion to cite the m em t f It TI tw t 1 h compose 

it have changed in b ht d th m t bnll t h h me inferior 

to the other at the d i \ Th bl t OassiopeJe, 

is also a double star 1 g t bt th m y tl s, ' That 

which is esjiecially of t p t m 1 th t t stronomer, 

is, that it can bedm ftdf th bityfdbl stars, that 

they move round an f t t and th t 1 S- ^'8 ^'^^'^ 

found a fi-eah anal gbteeth ytm fnj s and our 

planetary system.' Uthhpth fdl tU t 11 be seen 

that, if the analogy seiaed upon is difierent, it is not less curious. 

According to Mr. Hind, the colour of a great number of variable stars 
is red ; but that is not an essential characteristic ; if Mira is of a red 
colour, the hght of Algol is white.* 

• [Wenre enaWed, by the kindness of Messrs. Ecott and BaKPiidBll, fo add here 
a Ttoodoat (fig. 140a), wbioh wiU give the reader an idea of the method adopted by 
our obst^i-vers ia this oIhf!s of obsei'VELLioca. 
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Aa we advance in tlie study of the stellar world, the apparent uniformity 
of the heavens, in which the Indifferent spectator at first only sees a multi- 
tude of luminous points always the same, always immovahle, gives place 
to a most rich and varied picture. The mimber of phenomena of which 
we are the witnesses is only equalled by the moulds of time and space in 
which they are cast. 

We have seen, in the Solar system, the most wonderful order governing 
the combination of the movements of the bodies which compose it, and 
the simplicity of the means hy which the moat astonishing differences are 
everywhere produced. In the sidereal world, the same harmony governs 
the snns even, the changes of which, aa we have seen, are suhjected to laws 
and regulated periods. 

It must not be thought, however, that it is necessarily thus with all 
celestial phenomena, and that regularity is the characteristic sign of the 
movements or transformations of stars. We are about to describe some 
phenomena which bear, for the most part the appearance of sudden cata- 
strophes, or which, when they occurred gradually, were rapid enough for 
observers to register all their phases. These sudden changes will doubtless 
strike the imagination ; hut onr reason will none the more look upon them 
aa prodigies, habituated as it is to see everything subjected to laws : 
Omnia regtrntur nwmero, pondere < 



can he made to disappear. liniUng by experiment with what apertnv 

magEitnde became just esdnguished, tlie 

aperture at which a star so disappears be- 

comes anindeiof ilsm^nitude. Prepara- ^!6io. 28 m. 

tory, therefore, to oommendng operations on % 

a variable star, the observer furnishes bim- ^ 

self with a chart of the surrouuiJing stara, 

with a selected list of couvemeDtly situated 

eotaparison stars, whose magnitude is oave- 

fnlly measured in the maimer we have 

indicated. The '.comparison stars' are , 

lettered for eonvenience of reference. Tho S I 

observer then compares tb« variable with £ I 

thoseataraonthelistwhichdifferleaatfi-om h 

it in brightaeaa, end oarefally estimates the 

diO'ereuce in tenths of a Mj^nitnde. He 

thus obtains several independent values for 

the magnitude of the vanable at the date of 

observation. The mean of these is adopted ^ 

for the night. The successive observations S ^^ 

are laid down on oroas-roled paper, tlie 

datea of obasrvation forming the Hbscissie, 

and the mean magnitudea the co-ordinates. 

Through the points thus obtained a curve is laid down; this is the Ugkl-ciin 

and from it the dates of masimum and miuimuin brightness are determined.} 
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X. 

TEMPORARY STARS. 
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7 star observed by Tycho had none ot the appearance uf a 
comet ; no nebulous head, no tail accompanied it ; it, more er en a nel 
completely immovable in the same point of the heavers d rn the 
1 months that it was visible. It twinkled in an ext o 1 nary 
mer, and at first its brightness exceeded that of Vega fe ns and 
11 Jupiter at its smallest distance from the Earth. ' It conid only be 
I Tycho, 'to that of Venus in quadrature.' It also 
remained visible in the day, at noon, when the sky was clear. Bnt, by 
degrees, its light diminished in intensity. 

In January, 1573, it was already less brilliant than Jupiter ; from 
the month of April it passed from the first to the second magnitude ; 
after this it rapidly decreased, and disappeared at last in March, 1574. 

Not only was this extraordinary star variable in its brightness, but 
even its colour was subjected to rapid changes ; firat, white during the 
fiwt two months, the period of its greatest brilliancy ; afterwards it passed 
to yellow, then to red. Tycho then compared it to Mars, to Betelgeuae, 
and especially to Aldebaran. Lastly, in the spring of 157S, the red 
colour reappeared, and remained imtil the end of its visibility. 

Several similar appearances have been noticed in more remote times 
in various regions of the sky ; two of them are especially interesting. 
They were observed in 945 and in 126i, between Cepheua and Cassiopea, 
nearly in the same position as that taken up by the Pilgrim, the name 
given to the star of 1572, If this identity were actually established, 
temporary stars would then be shown to be no other than periodical 
variable stars, a conclusion at which we have before hinted ; and the only 
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difference lietween them would arise from the inecinality of tha cycle of 
variability, and of the intensity of the vatiatious. 

[From a caraM reduction of the places recorded by Tycho Brah^, 
Argelander lios arrived at the following figures, aa giving its position 
for 18G5 :— 



taking up the theory that this temporary star is really a long-period 
variahle, he has been inquiring whether any suspicious star exists in of 
near the above place. He finds that D'Arrest has obsei-ved a star of the 
10^ magnitude, in the following position I'- 
ll a. 
1 19 30 

Many years ago. observe™ s 
it may be, that D Ar 
rest's star may be tl e 
great tempora ^ eta 
of 1573 slowly rec 
ing its light. N r 
the intervals bet e 
the dates we have me 
tioned widely \ tf 
ent; the mean of t! em 
giveslSSS as the epoch 
of its maximum.] 

Since the observa- 
tion of Tycho Brah*:, 
many temporary stars 
have been seen in the 
constellations of Ser- rig. i4i-Ktiviii.dieTiiiioi..ijsMrr,i-i,'iT:-', in aanqjoi. 

pentarius and Cygnue.* 

Bnt the most brilliant of all these — that of 1604, which was, how- 
ever, inferior to that of 1572 — was especially remarkable by its vivid 
scintillation ; It disappeared like the first, leaving no trace behind. 

Among these stars some have been recorded which, after having 
varied in brightness, have remained vieible, preserving permanentiy their 
last phase of brightness. 

Lastly, some stars, the flist appearance of which was not observed, 
have disappeareil. Hence the names temporari/ slan, neia stars, and lost 
stars, given to these three kinds of stars respectively. 

* Most of the new or lempomry stars have made their appearnnce either in or 
near the Millir Way. Tyoho hence eonelndedttiat. these hodies were formed of the 
matter of wliiob this great nebula was then thought to consist; but this opinion, at 
present, is inadmiasihle, since it is now known that tile Milkj Waj is entirely com- 
posed of distinct Bters. 
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312 THE SIBEEBAL SYSTBlt. 

To what causes must these truly extraordinaiy phenomena "be ascrihed? 
If we suppose these stars to he variable, it is still difficult to explain these 
quiok changes of brightness, these nearly sudden appearances of bodies, 
which at once attain their greatest hriglitness. 

It has been attempted to account for them by supposing them to he 
endowed with very rapid movements ; but, of all the hypotheses, this is 
evidently the most improhahle. , Arago, examining this question,* shows, 
that to pass fram the first to the second magnitude by a simple change of 
distance, a star would require six years, in the case of a star travelling 
with the velocity of hght, or 192,000 miles a second. Now, the star of 
1672 underwent this change in a month, and we must euppose for it a 
velocity 72 times greater, that is to say, a velocity 200,000 times greater 
than that of any known star. 

On the other hand, if these phenomena are explained by some stupen- 
dous process of combustion — some sudden conflagrations taking place on 
the surfaces of bodies until then obscure, by progressive extinction in- 
ducing first a decrease of brightness, and afterwards disappearance — such 
catastrophes are well adapted to strike our imagination, and to destroy 
the ancient idea of the immutability of the heavens. 

Perhaps electric and magnetic powers play some part in the production 
of these gigantic coupg de theatre. Humboldt seems inclined towards this 
idea. He protests gainst the hypothesis of destruction, of the actual 
combustion of the stars which have disappeared, ' That which we see 
no more,' he says, ' has not necessarily ceased to exist. . . . The eternal 
play of apparent creation and apparent destruction does not prove an 
annihilation of matter ; it is a pure transition towards new forms, deter- 
mined by the action of new forces. Some stars which have become 
obscure, may again suddenly hecome luminous, by the renewal of the 
same conditions which, in the first instance, developed their light.' 

It is, perhaps, yet more difficult to imagine these variations due to 
movements of rotation. The various faces must, indeed, be supposed to be 
of a prodigiously unequal brightness ; and, even in that case, the sudden 
appearances could scarcely be accounted for, attaining, as they do, at once, 
the maximum intensity. The changes of colour would be likewise 
inexplicable on this hypothesis. 

Lastly, someastronomers attribute these appearanceeand disappearances 
to the movement of nebulous masses, not self-luminous ; a kind of cosmi- 
cal'cioud, interposed between the star and our system, might produce an 
eclipse, and this eclipse might cease when the ' clouds' had entirely passed. 
Thus, lost stars, as well as new and temporary stars, would he at once 



■s difficult to say which is the most probable of these hypotheses. 
The truth is that, although the phenomena which have suggested tliem 
are facts, — authentic facts, — we are yet quite at a loss to assign a cause 
for them. 

♦ ' Acmiaire ila Bureau dea Longitudes, iS43,' p. 397. 
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i description of tlie most 
a h tbe vaiiitions of 



We will bring thia ctapter to a close witli e 
astonishing of all the phenomena of this kind - 
the star n Argfls ; a singular star, 
which can be classed neither among 
tlie temporary nov among the variable 
stars. 

Towai-ds the end of the seven- 
teenth centnry this stai' was only of 
the fourth magnitude ; less than a 
centuiy after, in 1761, it attained 
the second. Sixty years later, it again 
([escended to its first brightness, 
iaoreaBing anew until the year 1826. 
From that epoch, it has passed 
through the most astonishing phases, 
osdllating between the first and 
second magnitudes, sometimes equal 
to a Crucis, then to a Oentauri ; sur- 
passing Canopus, and approaching lastly to Siriua. The rapidity of these 
changes, their unequal periods, the long duration of this state of variability, 
the impossibility of finding a law more or less regular, all contribute to 
make this beautiful star one of the most curious objects of the sky. 

Let us think for a moment on the actual phenomena, which give rise 
to such metamorphoses. Let us reflect on the vicissitudes necessarily 
undergone by the planets which move round such a strange sun. arising 
from the variations in the intensity of its hghf and heat, and on the 
stupendous changes which are the necessary consequence. Perhaps our 
Snn has been, or will be one day, the scene of like variations, which are 
only, after all, the manifestations of the eternally active forces which govern 
all systems.* 




ar, Et& Argas, 



XI. 

STAU-GROUPS. 



Are the stars that are visible to the naked eye spread orderless on the 
celestial vault? or is there not between those, apparently most closely 
connected, some real or physical connesion which requires us to rank them 
in- natural groups? 



• A contemporary Bstjnnomer, Mr. F. Abbott, who has followed the' 

n Argus until now, informs us that after having, in 184S, attained the brilliaiioy of 
Siriijs, it diminished progressively, passing through all the ordera of intermediate 
magnitudes between the first Hud sixth. In 1863 it whs no longer visible to the 
naked eye. 
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314 TilB SIDRItF-AL ffVSTEM. 

These questions have lieen already pattiy solved, by what is Imown of 
the doiihk and multiple star- systems. Soon, exploring the regions of the 
aky visible by means of the telescope, we shall have to pass in review a 
multitude of stellai associations, in which suns are found so compact 
and so numerous, and the form of the groups ao regular, that it is im- 
possible to deny their reciprocal dependence. 

Bnt long before the discovery of these islands, thesearchipelsgos of worlds, 
scattered with such astonishing profusion over the infinite, the naked eye 
h ad already distinguished a 
certain number of groups, 
the stars composing which 
were so near together that 
it was impossible to doubt 
their physical connexion. 

Such, for example, is the 
group of the Plaades. 
Such, again, 81-e thegi-oupa 
known under the names of 
the Hyades, of Prsesepe, 
and of Berenice's Hair. 
All are visible to the naked 
eye. and good eyes distin^ 
guish without difficulty 
the principal stars of tlie 
iirst-named gi-oups. The 
Pleiades (fig. 143) are sit- 
uated in the constellation 
of tie Lull, nhi h «o cin di-tiigui h so easily, to the north-west of 
Orion and Aldebaian. 

Of about eighty stars, which foi-m the group of the Pleiades, six are 
visible without the help of telescopes. Formerly, the Latin poet tells ns, 
seven were counted, which may be held to prove that one of them is 
variable, and has diminished in brightness, or else has disappeared. 

[But the power of different eyes in distinguishing stars in a group of 
this kind, varies extremely, and Ovid's remark, — ■ 

s it still ordinarily applies, mBst not be insisted on too strongly, 
e member of the family of the Astronomer Eoyal habitually sees seven 
stars, and on rarer occasions twelve — those shown, in the accompanying 
diagram {fig. 144).] 

The most brilliant, Alcyone, is of the third magnitude; Electra and 
Atlas are of the fourth ; Merope, Maia, and Taygete, of the fifth. Three 
others again have received particular names, although they are below the 
limit of ordinary vision ; these are Pleione, Celeno, and Asterope, from the 
sixth to the eighth magnitude. All the others are only visible by the aid 
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of a telescope ; but with an ovclinary g\i 
large number The Pleiad' 
are kno v] under the amt 
the JTe coop doubtles be 
Alcy ne appear n fl c ] I 
as a hen surro aded w tl h 
i eke t 

Tlie S/aU nh eh a 
near 11 e P\e id s form a 1 ss 
une o and no e atte ed 
g p The tnght Ight f 
Aldebaran, which is, a^i a j 
known, of the first miijnitiifle I 
renders them more difhiult to ' 
distinguish with the naked c} e. 
They appear in the rainy 
season. Hence Iheir name of 
Hyades, from the Grveek word 
whioh signifies ■' to rain.' 

The connexion of the stars 
which compose this group is 
not so striking as in the case 
of the Pleiades. Nevertheless, 
it seems difficult to admit that 1 
attraction. In. examining the p 



to distinguish a 




'ty 



of the Milky Way, and observing that both are situated in tlie prolonga- 
tion of a branch of the great zone, we are almost entitled to consider them 
as two clusters of stare belonging to the immense stellar stratum which 
surrounds us, and in the midst of which it will be seen that the Suft 
himself ia placed. 

In Berenice's Hair, most of tie stars are visible to the naked eye, and 
are perfectly distinguished in the sky, a little to the east of the Lion. No 
very brilliant star in the vicinity inconveniences the eye by effacing their 
light. 

The nest group is sitnated in the Crab, and is known under the name 
of PrcEnepe ; it is visible to the unassisted sight ; but it is impossible to 
distingnish the separate stars without the help of a telescope. Never- 
theless, an instrument of moderate power e^ly separates them, and they 
then take the aspect represented in fig. 146. 

The groups which we have just described form a transition between the 
stars scattered over the celestial vault and the more condensed clusters, the 

* The ancient poets also called tbem Hesperides or AUanlides. The name of 
Pleiades is stated to have been derived JVom rXtTv, which signil^es ' to navigate : ' 
beeauise, accoFdiug to Lalande, in the spring and near the epoohwhen they rise with 
the 8im, the senaon for navigatiag the Meditermnean oomraences. Others sny that 
these stars were dreaded bj mariners, un account of the lains and stul'ms which 
seemed U> rise witli tliem, mhieli lliey attiibuted to their influence. 
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h to be dpgignateil uniier 
the geneial name nf iVe&- 
ila, [This desiijnatioE, 
h 3rt ovei , 16 now much, more 
hmited, as we shall see 
by-and-by.] 

Doubtless, if we could 
place ourselves in space, and 
contemplate irom a suffi- 
ciently diataiit stand -point, 
the whole of tile stars which 
appear to us isolated, we 
should see them condensed 
mto one oi several distinct 
group', analog'ous to those 
of the Pleiades ; whilst, 
isBie we to peiieti'ate into 
the midst of one of these 
Ptg, 115.-1118 Hjpadoe (Harding ) compict flusters, we should 

see the stars of which it is formed separated, and 'icatteied over the celes- 
tial vault in such a way as to give it the aspect of onr own heavens, 

[It IS certam, however, that even among the stais visible in our own 
heavens, laws of aggiegation and segregation can be noticed Instead 
of that generally uniform distribution over the liea\en& which has si long 
been assumed to pievaii, 
theie are legions wlieie 
lucid stars are gatheied 
togethei in much gieater 
numbers than elsewhere, 
asd others where such stars 
nie remarkablj infiec[uent 
The present writei his 
indicated the regions ot 
greatest richness and pov- 
eity In the noithem 
heavens the rich legions 
coier the north polai con- 
stellationa and e^-tend to 
Lacerta T^gnus, Ljra, 
and Hercules In the 
«nuthern thev surround 
almost centrally the greater 
Magellanic Cloud, and 
cover neaih half of the southern heavens But the Milky M ay IB also 
a region ot s,tc it iithnesf as lespects lucid tars {that is, stai-s visible to 
the naked eje), nut onlj nliere it crosses the betoie iiimt'd mh le^i ns 
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STAR-CLU8TRRS. 317 

but thi Dugliuiit its whole extent In the soTitliern heavens stars are nearly 
three times as iichlv spread over the Milky Way as over the heavens 
generally m the mithein the proportion is not quite so great, but is still 
large W hen 'we note that the Milky Way compared with the rest of the 
heavens as regaids extent is as 1 to 10, while, as vegai-ds the number of 
stais the ratio in as 1 tj about 4 1 we see at once that there is a weli- 
miiked aggregation of stars ilong the Milky Way. Yet the gaps and 
iarmce m the Milky 'V^ a\ and the regions of the sky bordering upon 
it are singulaily bare of stars The eonclusion is obvious, and may be 
regaided as demonstrated that the lucid stars seen on the Milky Way 
aie really immersed among the=e "tars (which must needs therefore be 
mu h sinallei I whcse c mliiel h^ht produces the milky liglit of the 
gala-cy — R 4 P] 



XII. 

ST AU-C LUSTERS. 

Clusters of Stars of Globular and Spherical Form — Enormous numliPr of Stars in 
oertftiu Closters — Clusters in Perseus, CeutauruM, Toucan, Aquarius, ie. — 
Curious Forms of some Olnaters. 

Among etar-cluetera, a very small number, as we have before remarked, 
are bright enough or considerable enough to be visible to the naked eye. In 
all of these, the stars are so close together, that it is impossible not to re- 
cognise in them real stellar groups, — real companionship, — real systems 

[Of this class, the cinster in Perseus is at once a striking example, and 
one of the most glorious objects ia the heavens. Let the reader search for 
its faint glimmer in the Milky Way, between the bright stare in Cassiopea 
and Perseus, and turn even a smal] hand -telescope upon it, the sight will 
well repay him ; hut if a six-inch or a lat^r aperture can he used, he will 
never forget the glorious picture unfolded before him.] 

Their generally raunded form gives them a cometary aspect, . and ob- 
servers, not completely familiar with the divers regions of the sky, may 
easily he, and indeed sometimes are, mistaken in their nature ; although the 
permanence of their form, and especially of their position, is a characteristic 
which should s\iffice to disianguish them from comets. 

There are aJso some clusters, although these are not numerous, the 
contours of which are very irregular; in these, the number of the stars is 
generally much smaller than in the clusters of globular form, and their 
distribution is also very different. If we look at the figures 1, 2, 3 (see 
Frontispiece), we shall be struck with the remarkable condensation of the 
limiinous points at the centre. This condensation is easily explained, if we 
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818 THE SIDEREAL SYSTEM. 

suppose that the real form of the cluster is nearly that of a spherical globe. 
Then, even on the hypothesis that the stara are equally distributed, it will 
be understood, that, as the visual ray traverses its centre throughout all 
the extent of its diameter, and as in approaehing the borders, it traverses 
smaller and smaller portions, the laws of perspective will account for the 
apparent collection of tie luminous points at the centre. 

But the increase of brightness from the border to the centre is often 
more rapid than the hypothesis of an equal distribution of the stare in the 
interior will sanction. It has been held, therefore, that, besides the appa- 
rent or purely optical condensation, there exists a real coniiensation, which 
is produced, doubtless, fey the influence of the central forces, resulting from 
the separate attractions of each of the suns which compose these lystenis 

'How can these isolated systems sajs Humboldt,* be maintained ' 
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IFig;. 147.— Stsi-duslat near » Centauri. (Sir J. Hersohel.] Tlie number of StarS 

contained in clusters of a globular form is often prodigious. 

We have seen that the cluster of the Soutliern Cross, so curious on ac- 
count of the varied coloui-a of its comjKinents, only contains 110 stars, but 
Herschel has calculated that many clusters contitin 6000 collected in a space, 
the apparent dimensions of which are scarcely the tenth part of the surface 
of the lunar disk. 

Such is the cluster situated between the two stars ?) and ^ 
Herculis (Frontispiece, No. 2), one of the most magnificent in our northern 
heavens on fine nights ; this duster is visible to the naked eye as a lumi- 
• ' Cosmos,' vol. iii. p. U.S. 
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STAK-CLUSTEKa. 319 

nous spot of rounded form ; in the telescope, it is resolved into a multitude 
of stars, and preserves its globular appearance, but is fringed on the borders 
with several threads of outlying star'* 

The cluster near * Oentaun (iig 147) is alw visible to the nalced eye, 
and shines as a stir ot the f urth or fifth, magnitude it is resolved, hy 
verj- powerful instruments int) a mult ti de cf atai'' greatly condensed 
towards the centre the li^ht of wh eh ^ iiies between the thirteenth and 
fifteenth magnitudes 

The beautiful clustei in Aqnanus ^hich feir J HerscheVs drawing 
exhibits as fine lammc us duet (Frouti piece No 4) when examined through 
the Earl of Eoiie a ] owprful -Lfloctor appeared (fig li^) Ulte a magnificent 
globular cln t i c ti 1 ej iitel it iib 




But the most beautiful specimen of this kind is, without doubt, the 
splendid cluster in Toucan, quite visible to the naked eye in the vicinity of 
the smaller Magellanic Cloud, in a i-egion of the southern sky entirely void 
of stars. The condensation at the centre of this cluster is extremely de- 
cided ; there are three perfectly distinct gradations, and the orange red 
colour of the central agglomeration contrasts wonderfully with the white 
light of the concentric envelopes. 

The cluaters of spherical form are ordinarily the richest, and the tele- 
scope has the least difficulty in analyzing them into stars. 

Nevertheless, among the others there are some, the resolution of which, 
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until lately impossible, has been accomplished by the use of telescopes of 




Rg. 148,-Oluster In Toucaa. (Sir J. HerEoiel.) 

the greatest optical power. Such ia the oval nebula in Andromeda, of which 
Here ai-e eome curiously formed clusters (fig, 150), in which every indi- 




cation of concentratioa has diKappeared The 1 
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THE MILKY WAY. 321 

the cluster in the Twins (Frontispiece, Xo. 6) shows it to be intermediate 
between the irregular gronpa, and the clnstera of decidedly sphericnl form 
which we have passed under review. At the sommit of a kind of pyramid 
— the fonn of this sing'ular cluster — the luminous points seem to press to- 
wards a preponderant mass. lu the clusters in figure 150, nothing similar 

The clusters are not equally distributed over the heavens ; they are 
most mimerbns in the Milky Way, and in the two Magellanic Clouds, 
The region richest in globular clusters is situated in the southern hemisphere, 
and forms an important poiiion of the Milky Way, comprised between the 
constellations of the Wolf, Altar, Scorpion, Southern Cross, and Sagittarius. 

In describing the most beautiful of the atar-clusters, that of Toucan, 
we remarked that the central part is rose-colour, surrounded with a white 
concentric bordei'. The duster being entirely resolved into stars, this color- 
ation evidently belongs to each of the components ; a fact which will 
not surprise us, after that which has been seen of the simple and double 
coloured stars. 

The cluster in the Southern Cross, which, as we have seen, is formed of 
a great number of white stars, interspersed with some I'ed, green, and blue 
stars, appears as a white duster. On the other hand, we have fiuoted a 
cluster of the southern sky entirely composed of blue stars. 

The colour of these star-clusters is then easily explained by the 
pwdominant colour of the stars of which they are composed. 



XIII. 

THE MILKi' WAY. 

General Aspect of tile Miiky Way — Its Coarse through the Nortlieni nnd Sotithem 
OoDstellations— Rasolvabiiityinto Stars nod Star-Cluatsrs — Impenetrability of 
certain regions of tlie Milky Way. 

With the exception of the Magdlauio Gouds, of which more anon, and a 
few star-clusters, all the star-groupmgs which we have yet reviewed are 
invisible to the naked eye. Their extremely small apparent dimensions 
contribute to this result, bearing in iiiiad the prodigious distances at which 
they lie fi-om the solar world, — distances which so considerably weaken 
the brightness of the component stars. 

It is not thus mth the Milky Way. The light of this immeuse zone 
is, one might almost say, bright ; its extent, which embraces the entire cir- 
cumference of the starry vault, and its breadth, are so considerable, that it is 
readily distinguished at the first coup d'cetl, whenever the apparent move- 
ment of the heavens brings it above the horizon. 
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S23 THl^ SIDEIIEAL SYSTEM. 

This last circumstance occni-s, it is true, every night ot'tkc ycnr ainliu 
hU latitudes ; but the Milky Way is much better visible ^I'lieu it riBea to a 
great height ; Rud to see it best we must, therefore, choose certain epochs 
of the year or certain houi-s of the night. 

The general appearance of the Milky Way is that of a long nebulous 
train, wliich follows very nearly the circumfei'ence of a gi-and circle of tlie 
celestial vault. First of all, it may be remarked, tbat it is divided into 
two principal branchea throughout nearly half its entire length. Its 
breadth is very variable ; sometimes it conti'aets so as to occupy no more 
than six to eight times the lunar diameter, at others it spreads out to an 
extent four times aa great. 

Before stating what is known of the composition and structure of this 
immense congregation of stars, let ns describe it aa a whole, noting the 
principal consfeUations which it traverses in both hemispheres. We will 
avail ourselves for this purpose of the two Plates XIS and XX, whicli 
show it as it is seen in a small telescope, with the variations in form and 
brilhaucy which its different ramifications present. 

The northern half of the Milky Way extends from the constellations of 
the Eagle and the Sei-pent to the Unicom, at the altitude of, and near, the 
belt of Orion, Divided into two branches from the Equator as far as the 
Swan, it passes by Atair, and traverses the AiTOW and the Fox, besides 
the constellations before named. Near tlie Swan a dark opening is 
■ observed in.it, a kind of gap through which the sight plunges uito the 
distant regions of the sty beyond the regions occupied by this zone. One 
branch is directed towards the Little Bear and Cepheus, and it is in this 
pai-t that it approaches nearest to the northern pole of the heavens. It 
afterwards bears away under the form of a single and narrow branch, 
which traverses Oassiopea, passes by the Waggoner very near Caiiella, 
boi-ders the eastern poi-tion of the Twins, and of the Little Dog, and the 
southern portion of Orion. Before arriving at this point, a branch leaves 
the mdn portion in Perseus, and stretches as far as the Pleiades, where it 
as lost. 

The northern portion of the Milky Way presents the greatest intensity 
in the Eagle and in the Swan : in Perseus and near the Unicom, it is the 
least luminous. 

Let us now follow its course through the southern hemisphere. After 
having crossed the Equator and passed Sirius, it enters the Ship, gradu- 
ally increasing in brightness ; it is then divided into several branches which 
extend fan-like over a large area, and disappear all at once, reappearing 
further on in the same constellation. 

These branches are again united in the Centaur and Southern Cross, 
at a point where the breadth of the Milky Way is at its minimum. Here 
is the famous Coal-Sack, a dai-k gap in the form of a pear ; snrrounded on 
every side by the nebulous zone, the eye can only perceive in it one or two 
stars. 

Very near a Centaiiri, the Gnlnxy is divided ane«' into two principal 
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THE MILKY WAY. 327 

brandies, with iiumcrons ramifioatioiis, and the bifiivoation coutmues 
through the Wolf, the Altar, the Scorpion, and Sagittarius, as far aa the 
Serpent. Tten the two branches again cross the Equator and rejoin tlie 
northern part of the Milky Way, at the point where our description 
began. 

In this immenEe course, which embraces, as we have said, a complete 
great circle of the celestial vault, the glimmer of the star-clond is extremely 
variable. We have seen that the brightest part of the northern Milky 
Way ia that which traverses the Eagle and the Swan. In the southern 
hemisphere, the part comprised between the Ship and the Altar is still 
more remarkable. But, as Humboldt has observed, there is a circumstance 
which sUl! more increases the magnificence of the Milky Way in the 
southern hemLsphei-e ; this is the vicinity of a long zone of very brilliant 
stars, which we have already remarked in reviewing the constellations, — a 
zone which begins at Sinus in Canis Major, traverses the Ship and the 
beautiful stars of the Cross, the Centaur and ihe Scorpion. According to 
an English observer. Captain Jacob, the rising of this portion of the 
heavens is heralded by a general illumination of the sky, so decided that he 
compares it to the light of the new moon. 

When the Milky Way ia examined by the help of telescopes, it is 
resolved into a multitude of stars verj' near together, but very irregularly 
arranged. Star-clnstera of irregular form are especially very numerous ; 
but globular clusters are only found in the brightest portion of the south- 
ern zone. ' If some regions,' says Humboldt, ' present large spaces where 
the light is uniformly spread, there ai'c others where spaces, shining with 
very bright lights alternating with others poor in stars, cover the sky with 
aa irregularly Inminous network. We find, also, even in the interior of the 
Millry Way, dark portions where it is impossible to discover a single star 
even of the eighteenth or twentieth magnitudes. At the sight of these 
absolutely void regions, it is impossible not to believe, that the visual ray 
has really penetrated into space, traversing the entire thickness of the 
stellar stratum which sun'ounda us.'* 

In many parts, this nebulous zone has been so completely resolved that 
the stars appear projected on a black gi-ound, absolutely deprived of all 
nebniosity. But in other regions, a whitish glimmer is still perceived 
behind the stars, which shows that in these (Erections the Milky Way 
is really impenetrable. 

We shall by-and-by examine, what is. in nil probability, the real form 
of the Milky Way, and what inferences may be drawn from it as to the 
general structure of the visible Universe. 

* Humboldt, 'Cosmoj/ vol. ill. p. 1.111. 
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XIV. 

PHYSICAL AND CKEJUCAL CONSTITDTIOS 
OF THE STARS. 

Stare ave Suns, This is the last Yerdiot of Science on the constitution of 
these so prodigioiisly distant bodies. For a long time the fact has been 
dawning on us, and already men of science and genius have based on this 
idea brilliant researches on the general structure of t]ie Universe. 

But how could we hope to be able to pass beyond the domain of con- 
jecture in this matter ? Were we to imagine that optical instruments, 
refractors, and reflectors, the construction of which is already so perfect, 
would acquire by new progress a power superior to that they now 
possess, and penetrate to depths of space a thousand times more consider- 
able than tliose they nh-eady reach, what would result ? 

That many of the suns nearest to ub might then be scrutinized, at 
200, 600, or 1000 times the distance of our Sun : this would be a step 
certainly not fo be despised, but-at most we sJiould only be able to estimate 
their real dimensions by the measure of tlieir apparent diameters, which 
anight then possibly become sensible. 

Fortunately for us, this unexpected, if indeed not impossible, per- 
fection of optical instruments, is not requisite, Thanks to an admirable 
metiiod of analysis, which enables us to afiii-m by observation of a luminous 
spectrum the presence or absence of certain substances in the light -soni-ce, 
— in a word, thanks to spectrum analyue, we are now able to say, that 
such and such a metal, as iron, copper, or mercury, exists in a certain star; 
that another contains sodium or manganese. Already have we discovei'ed, 
in Sinus, Aldebaran, o. Orionis, Vega, and others, the presence of many 
substances known in our world, and of others with which we are not ac- 
quainted : and this new branch of astronomy promises the moat interesting 
and abundant harvest. 

In presence of such astonishing conquests of Science, we do not know 
truly which to admire the most, the magnificent chain of natural 
phenomena which enables us to conclude from one fact, actual or present, 
another fact past or future, of which the theatre is, as it were, at an 
infinite distance ;, or the power of penetration of the human mind which 
patiently seizes each link in the diain of facts, and connects the most 
distant and the most invisible with those which are at our very doors. 

[Let us endeavour to give an idea of this branch of reseai-oh, and of 
tie progress already made. We have already referred, in our Chapter on 
the Sun, to the solar spectrum, which was familiar to man's gaze in the 



Hosted by 



Google 



rainliow, tliiit cliild of sliowcvs nnil rain-drops, long before Philosophy 
claimed it or utilised its teacliiugs. What nature does by means of a 
rmn-drop, physicists accomplish hy means of a prism; and the first 
teaching of the prism wag, that a beam of light is not a single thing, hut 
a bundle of things, called rays, each with its own special mission, as if 
each had a master of its own, and had a different tale to tell or note to 
sing. And so it has. Let all the raya in a sunbeam sing in choms, and 
the chord which falls on our eye, as sound would fall on our ear, is white. 
Now, let the beam be sent through the prism, and let the latter work its 
epell; the chord has vanished. In place of it we find each ray with a 
coloured note, and may lilcen the glorious coloured band, which we call 
the solar spectrum, to the Itey-boavd of an organ ; each ray a note, each 
variation in colour a variation in pitch ; and as there are sounds in nature 
which we cannot hear, so there are rays in the sunbeam too subtle for our 
eyes. 

But obsei-ve the spectrum of the sunbeam more closely there are gaps 
which we may liken to silent notes. Howis this? Let us n e peri- 

ment ; let us light a match, or anything which burns 1 te and ob e ve 
its spectvum. It is contimious, that is, from reddes d tl u h the 
whole gamut of colour, to the visible limit of the viole each ay a om- 
plishes its special mission, tells its tale and sings its son 11 e a e no 
silent notes, no dark Hues breaking up the band. 

Let us try another experiment. Let ns bum something which does 
not bnni white, some of the metals will answer our purpose. We see at 
once by the brilliant colours which faE upon onr eye from the vivid flame, 
that a different chord is struck ; but let the prism work again its spell, and 
tell us the notes. 

This time we shall find, not only that the spectium is not continuous, 
but that the chord consists perchance of only two, three, four, or more 
single notes, as if on an oigan, instead of stiiking down all the keys, we 
but sounded one or two notes in the base, tenor, or treble. 

Again, let us try still another experiment. Let us so an'ange our 
prism, that while a sunbeam is decomposed by its upper portion, a beam 
proceeding from such a light-aouice as sodium, iron, nickel, copper, or 
zinc, may be decomposed by the lower one. We shall find in each case, 
that when the bright lints of which the spectrum of the metah consisti 
flash before our eyes, they will occupy absolutely the same positions in the 
lower spectrum as some of the dark hands, the silent notes, do, in the 
upper solar one. 

Here, then, is the geim of Kirehhoffs discovery, on which hi> 
hypothesis of the physical constitution of the Sun is based ; here is the 
secret of the recent additions to our knowledge of the stars, foi stars arc 
suns, and Nature's laws are the same fur all. 

Yapotirs of metals and gases absorb those rays which the same metals 
and gases themselves emit. 

We are now in a position to inquire, what has become of those rays, 
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thej wjiiespomi "y\ith eeitnin dnili bands of the ^pectrum oi the i.i 

it can he affirmed, that the chances against the hypothesis being right are 

something lilte 300,000,000 to 1. 

So miicb for the Sun. FrnUnhofer was the first to apply this method 
to the stars ; and we ha-ze lately reaped a rich harvest of facts, in the 
actnal mapping down of the spectra of several of the brightest stars, and 
the examination more or less cursory of n very large number. In all, the 
plan of structure has been found to be the same; in nil we find an 
atmosphere sifting out the rays, which beat in nnison with the metallic and 
gaseons vapours wluch it contains, and sending to us the residuum, a 
broken spectrum abounding in dark spaces. But how eloquent is silence 
sometimes ! Who would think, that in those gaps would he the secret of 
the physical oonstitation of distant worWs, and detailed information as to 
the constituent materials ? 

Let US see what Dr. Miller and Mr. Huggins, two of the latest 
labourers in the field, can tell us. 

Take the spectrnm of Aldebaran, for iustanCB; the coincidence of the 
bright bands of light given out by sodium, magnesinm, hydrogen, calcium, 
iron, bismuth, ielhirinm, antimony, and mercury, with dark lines in the 
solar spectrum, has been piroved, seven other elements being tried and 
rejected. In Betelgense, the coincidence of sodium, mogiiesium, calcium, 
iron, and bismuth, has been proved. 

The seventy or eighty lines already measured and mapped in each of 
these stars, represent some of the stronger only of the numerous lines which 
are seen in their spectra. Already we are beginning to think that in the 
spectra of the stare the chemist is introdticed to many new elements. 

It has been mentioned as a very suggestive fact, that the hues of 
hydrogen corresponding with C and F of the solar spectrum are wanting 
in the spectra of a. Ononis and j3 Pegasi, and these two atai-s only, out of 
more than fifty stars examined. 
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CONSTITUTION OF THE STAKS. 331 

atitution fi-om oar Siiiij the atmospbere of wliicli contains ten — possibly 
fourteen — according to our present Imowledge.* 

We have also, ns has been pointed out by the observera ■we have 
named, pretty certain proof of the idea which has long been floating in 
many minds as to the cause of the cobiu's of the stare, though their 
variability in colour, which has lately been so strongly insisted upon, is- 
still to be explained. They remark : — ' As spectrum -analysis shows that 
certain of the laws of terrestrial physics obtain in the Sun and stai-s, there- 
can be little doubt that the immediate source of solar and stellar light 
must be solid orliquid matter maintained in an intensely ineandeseent state, 
as the result of an exceedingly higli temperature. For it is from such a 
source alone that we can produce light, even in a feeble degree comparable 
with that of the Sun. As the continuous speeti-um of the light from 
incandescent solid and liquid bodies appears to be connected with the 
state of solidity or liquidity, and not with the chemical nature of the body, 
it is highly probable that the light, when first emitted from the photosphei'cs 
of the Sim and stars, should be in all cases identical, the differences of 
colour depending upon the differences 0/ constitution of the inveHing atmo- 
sphere, and these agmn intimately connected with the chemical constitution 
of the stars. The light of the stars will vary in consequence of the loss of 
different rays. For, in proportion as the dark lines occur more largely, or 
are more intense in particular parts of the spectrum so will these colours be 
weaker, and the colours of the other refion^ibiUties will equall\ predominate 

This, however, is 1 ut one of the sides of the iiiquirj y\ e are now 
furnished with many others Thus fci instance we must for the futiue 
look upon a Orionis and (3 Pega 1 as woilds without hjdrogen while, 
probably, the atmosphere of Sinus is more charged w ith % apours than is- 
that of our Sun. 

These observoti a a hi '(how that the "-tars differ fiom ench, 
other and from oui b 1 b^ the lowei order of diffeiences of special 

modification, and n t bj tl m impoitant diffeiences of distinct plans 
of stracture. Ther tl ■et a probability that they fulhl an analogous, 
purpose; and are, Ik & n urrounded with planets, which by their 

attraction they upl Id nd by their radiation illuminate and energize. 
It is remarkable th t th 1 m t most widely diffused through the host 
of stars are some of H m t 1 ly connected with the constitution of 
the living organism f gl b lading hydrogen, sodium, magnesium,, 
and iron,] 

Sodium. Coppei Cobaltj doiibf/id. 

Iron. ZmL, Strontium „ 



Cadmium „ 



The above ancoidind to liULlshjfl except Hjdrc 
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BOOK THE SECOND. 

THE HEBUL.E. 

[One of the most importaut discoveries of modeiti times lias been that 
■which has fnmished evidence of a fact, long ago conjectured by the master 
minds among ub, namely, that NeUdce are something different from masses 
of stars, and that their cloud-like appearance is to be ascribed to Bomething 
besides their possible distancee, and the still comparatively small optical 
means one can bring to hear upon them. The discovery is still bo recent, 
that there has not yet heeu time to sort out the real from the appai^ent 
nebula. But we are, at all events, jnalified for the purpose of our present 
stetch, in accepting as Me?)i[&e everything hitherto classed as such, although 
it is nearly certain that the powerful means of differentiation which 
spectium analjs s has now ].hced at our command will place Tian\ of them 
m the citegorj ft listant stir cliotei if indeed it does not in tim 
11 dicate a tianiitional state ] 

If we examine the space in Anlromeda which se[arate? the spiaie t 
Pegasi'i from Cassirpea we shall readil; peicei\e a little below the bne 
which joins these two constellations a lummous mass — a little wlitieh 
cloud f eloi I'ated form in ■which the eje c^nnot di'tinguiah any stars 

If ■y e emj,lo\ a tele cope even of l^re'^t ].owe the foim becomes 
moie defined and the fval seems more decided but the soft and pale 
ghmmei tf this little cele^Hal elond idais its nebilona apjeannce anl 
theie is still no (race ot a stai 

Ihis 11 a nebnli well Inoni i lei the n mc oi the Gicit "Nclukii 
Andromeda * 

Ihe celestial &jaces are strewn ■« th a milt tide of similai otjecfs 
^aned m dimension brightness and form AH have leceiied onaccomt 
of the doidy appearance which they offei at first sight the name of 
Xehula. A very limited number are visible to the naked eye, a circum- 
stance explained by the smallness of their apparent dimensions, the 
feebleness of their light, and in some cases the ■vicinity of relatively bright 
stars. In the telescope they appear by thousands ; more than 5000 are 
now linown ; and this nnmber increases in proportion as the different 
regions of the shy are explored with more powerlhl instruments. 

The question, What are the nebul«? has long been ashed. "VYei'e 

* Simon MarinB, or Majer, obsened and desciibed tliis nebula in 1613. It was 
ihe lijst -whicb BtliRoted lie serious altention of agtroDoinera. Fort j-foiir j ears 
later, H^njgliens discDi'ered Ihe great neWla ivliii^h surrounds the sextuple star i 
Orionis; since that period, and espei-ialiy ance tlieend of the eighteenth oenlmj, 
the cntoloeues of nelnlie have been ennched mth numerous observolJons, and a 
cumplete branch of astronomj lias Lcen developed. 
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TH BEllU E 6i6 

they agglomeration flftdnt eel til 11 

were tliey groups f d It 1 ! t n distan re d 1 

sepai'ately invisible 

When studying tl nat al p ft 1 a tl e PI a les vre 

remorked that eom ej s nl 1 t ng h a nf aed gl m 1 el 

the Pleiades put on tl npp n fnlul — nt jl I 

in the case of a great many chisters, which, where the best eyes only 
distinguish an ill-defined liinainous mass, are transformed, as we have seen, 
by telescopes into a multitude of distinct stars. 

Heuee, in the old classification, the first class of nebulaj comprised the 
star- clusters. Astronomers gave ti s name to all nebulosities, which 
telescopes entirely separated into stars 

A second class comprised those pi t ally sepa ated into stellar points, 
but in which some portion resisted resol t o 

Lastly come the nebidte, properly so called n hich the most powerful 
telescopes distingnislied no stai-s. 

But this dasaificatiou was held to he q te lelative, and depending 
entirely on the optical power of the net me t tl e sight of the observer, 
and purity of the sky at the time of 1 se vat 

['.Uhis was true in the main, and st 11 e ni ns so ; but as we shall see 
by-and-by, we now recognise in the i eb 1» proper a distinct physical 
constitution.] 

Before commencing our detailed description of the nebula;, let us say a 
word on their distribution over the starry vault. This is very unequal in 
the northern hemisphere, and in those parts of the southern one visible in 
the northern temperate zone. 

The greatest number is found in a zone which scarcely embraces the 
eighth part of the heavens. The constellations of the Lion, the tJreat 
Bear, the Giraffe, and the Dragon, those of BoOtes, Berenice's Hair, and 
the Hunting Dogs, hut principally the Virgin, from this zone, which 
extends as far as the middle of the Centaur ; it is known under the name 
of the nebulous region of Virgo. 

Nearly, at the opposite pole of the sky, another agglomeration of 
nebulas embraces Andromeda, Pegasus, and the Fishes, and extends lower 
than the first-named constellation, into the southeni heavens. 

It is noteworthy that the regions nearest the Milky Way are the 
poorest in nebnlte, whQst the two richest regions lie at the two poles of 
that gi-eat belt in which the stars are so numerous and condensed. The- 
nebnlre are more uniformly spread over the zone which surrounds the 
South Pole; they are at the same time much leas numei-ous. On the 
other hand, thei-e are two magnificent regions there, which alone contaift 
nearly 400 nebulaa and star-clusters. 
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NEBULA OP EEGULAR FORM. 



The foiins, apparent dimensions, and intensity of the light of netnlffi, are 
extramcly vavied. The veiy different distances, doubtless, by which they 
aue removed fi'om iis, have something to do ^vith these appearances; but 




it is probable also thit then leal stiuituie and dimensions, and the state 
a,nd temperature of the matter of which they are formed, also influence 
their apparent chaiactera In the present transitional state of our know- 
ledge all chissificatiun is pni-ely arbitrary, and it will be understood that 
its only tibject is to infuse a little order into our invcntoiy. We shall 
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HELDLjE of EECt'LAU FORM. M5 

tl 1 11 <1 1* ly the apparent forms assumed Ijy the 

1 Js> d 11 L tl tl nehiilie of regular ehape. , 

Tn m d 1 b 1 ph al form is very frequent. It may pos- 

bly 1 f ndtht am y the nebulae which affect these appear- 

n tl n 1 th n t 1 stera ; their immense distances, or the 

tn mlhasftl t 11 compose them, may prevent our die- 

t g 1 aep t ly th 1 m s points, which, even in the most 

jwtltl p Ijp nta confused phosphorescent ghmmer. 

<j tpbbltj Ittthh pothesis, as we have before hinted, by 

tl i t ih t h t mph f optical skill results in a resolution of 

m h iliB 1 f d b! d helps ub at the same time to discover 

n w b Ire t t i i-tl 1 ^ ce. 

Fig. 151 gives some examples of circular and oval ncbulm, chosen 




from a numerous collection of similar objects. The perfectly rounded 
foi'm of some is seen to pass, by imperceptible gradations, to the most 
elongated ellipses, at last approximating to a strwght line. Near the 
centre of some of these nebula a marked condensation of light is also 
noticed, which indicates an analogy with the spherical star- clusters. In 
some globular nebula the brightness does not increase in a continuous 
manner from the circumference to the centre ; the gradation is replaced 
by concentrical strata, analogous to those which we noticed in the cluster 
in Toucan. This circnmstanee affords another point of i^esemblance be- 
tween the resolved globular clusters and the nebulre of the same form. 

The ovnl foi-m probably belongs to very flattened condensations pre- 
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senkd to na edgewiss, tba degree of flattfiiiing being attributed eitliev to 
their real foi-m, ov to an iacIiEation more ov less decided towards the 
region of the sky vliich our system occupies. Among the nebuiis of 
round or oval form, there are only a few which present another very pe- 
culiar and carions strwctuve: we refer to the annaiar or perforated nebulu?. 
One very interesting example is situated in the constellation of the 
Lyre, not far from Vega, between the two stars g and 7 of that constel- 
lation. A nebulous ling of oval form surrounds a darker apace, the pale 
nniforuily spread glimmer ofwliieii resembles a 'light gauze' stretched. 




(Loi-d Bosae). 3. In tUe GrBit Ssfiv(Sir J. Horac-liel). 

across the ring. Such is the appearance which tliis singular object at 
first presented (fig. 1.53, 1). 

Lord E.osse'a telescopB has siiicp pailinlh- resolved Ihe ring into lumi- 
nous points, and hasshonTi 
parallel lines in the open- 
ing ; the exterior bordei-H 
are also stellated witli 
fringes (fig. 152, 2). 

We reproduce here, from 
the drawings of Sir J. 
Herschel, two other annular 
nebnlK, one oval, the other 
round. The first (fig. 152, 
3), which is very similar to 
the nebula in Lyra, is situ- 
ated between tbe constella- 
tions of the Swan and the 
Fox; the second (fig. 152, 
4) in Ophiuchns, 

The oval form of the 

ring is already decided in 

the nebula numbered 5, 

■iiicli we sliall again soon meet 

at tlie extremities of its smallest 
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SEETiL^ OP r.ECULAn poem. 33* 

diameter. But in an annular nebula (fig. 152, 6), near tlie Leautiful triple 
Ktar y Andromedie, the ring is excessively elongated ; and two stars are 
there ako symmetrically placed, only this time it is at tlie extremity of 
the major axis of the ellipse. 

This regularity in the forms of a great number of nebHlsc is iJoubtless 
apparent only. It partly disappears wlien they are examined ttith very 
powerfid instruments ; that is to say, ■when bronght nearer to iis they 
reveal the details of theiv structure. Then the large masses of light not 
being preponderant, the form loses its symmetry, as may be seen in the 
two drawings which represent the nnnnlar nebula in Lyra (fig. 152, 1, 2). 

Again, always bearing in mind that the classification which we have 
adopted is an arbitrary one, we may rank among the regular nebulw those 
wliich affect the conical or p"""i>"<i" fi^™ =;iv.;ini. te. t^lat of some comets. 
^Ye give here (fig. 153) threi , tlie form of which 




is analogous to some star-clusters ; for example, the cluster numbered 6 in 
tlio frontispiece, which shows the same luminous concentration at the apex. 
Here, again, is a nebula (fig. 1S4), which by its widening fonn ap- 
proaches the cometary nebula, but which seems to suggest at the same 
time, by its singular outline, the first approach to a spiral nebula. 

In all tlie nebulie which we have examined, the regularity of form is 
manifested by a symmetry, snch that each object is divided in two eijual 
parts by its axis. But it is important to insist on the fact that this regn- 
laritv often disappears when optical instruments of greater illuminating 
power show the different portions with more cleomesa. It is often sui'- 
prising to see ft nebula thus transfoimed to the eye in a most complete 
manner. In no example is change of fonn so decided as in the nebula in 
Canes Venatid. 

Let us look at the preceding figure. 

"VTe see, at the centre of a ring, double throughout half its contour, a 
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"briglit, glubular iiol)nla, a< 
form, situated, outsiile the li 
this form tliat it was flrat 8i 



)mpanietT by a smaller nclinlosity of r 
J ond nt some distance nway. It was i 
1 find drawn by Sir J. Heraobel, 



Observed Intsv by Lrr.t Ilos^e, witb the belp of bis magnificent telj- 




scope, tlie same nebula ivas presented under a form of wonderful strange- 
ness (fig. li)G). Brilliant apirds, unequally lumiaons, and overatrewii 
with a multitude ot st^r' di^ergp trom tbe centre, and become separated 
one from the other more and injre as they recede from it, at last being 
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KEI1UL.E OF EEGULAll FOIiM. 339 

lost in a direction common to all. The exterior filaments of tins pro- 
digioufl spiral of stars join the smaller exterior globnlar nelmlje which at 
first appeared isolated from the ring. 

Lastly, according to the most recent ohBervations of M. Chacomac, 
this latter iiebnla itaelf affects the spiral form, its oontoiii-3 being connected 
with the spirals of the principal nebula. 

The imagination remains confused in presence of such a grand spee- 
taele. It loses itself in endeavonring to ' ' ' " ' ' ' " 
3 system, by assuming a pi 




thia star- cluster. We are startled at tiio depth of the abysses into which 
the human gaze plunges. "What strange forces Jiave produced this hurri- 
cane of matter — perhaps of anna? la the apiral tie original form of 
thoae gaseous mattera, the condensation of which may give, or has given, 
birth to each individual of this gigantic association ? 

These are questions which the mind puts to itself, the complete so- 
lution of which will doubtless demand many centuries. Shall we ever be 
able to recognise in these groups variations of form, distinct from those 
due to the varying power of the various instrumenta and the difference of 
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340 THE SIDEUEAL SYSTEM. 

siglit of observers ? In a word, sliall we ever be able to prove tbe move- 
Bients of tbe constituent parts of tbe uebulai ? 

The spiraloid foi-m ia not confined to the nebula we bave described. 
It ia quite aa clearly defined in tbe nebula in Virgo represented in fig. 157. 
The luminous branches of this spiral, four iu mimber, are clearly sepa- 
rated by dark intervals, and divided besides by darker apirnla, which 
indicate strings of matter less condensed. All diverge from a central nu- 
cleus where a much more dedded light indicates a powerful concentration. 

The number of nebulfe in which the spiraloid form is obaei"ved was at 
first rather amall. But in proportion as the sky is explored by more 
powei-ful instniments the Lumber has increased. In the important memoir 
published by Lord Eosse in 1861,* we have noted forty spiral nebula, 
and thirty more in which this form is a 




In a nebula of the northern heavens, situated on the confines of the 
(Jreat Bear and of BoOtes, the centre ia hke a large globular nebula with a 
very marked condensation, whence radiate branches aiTanged in the form 
of spirals. In several points of these branches other centres of condensation 
are noticed. Sir J, Herachel had classed this among the nebiilre of rounded 
globular foiin, doubtless because the centi-al nebulosity was the only one 
revealed by his telescope. Some few stars are scattered here and there on 
the ground which it occupies. In tie two nebula in fig. 158, which are 
situated, the first in the Lion, the second in Pegasus, the spiraloid form is 
less decided. The si>irals approach nearer to an elHptical form and are 
enveloped one in the other. 
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NEBCL* OP lEEEHULAE FOEM. 

Xtti^e Nelralows Masses affecting no Sjmiaetrical Form— Diversity of Aspect with 
Instnimcnta employed — Nebnlte inthe ConsteUotiooa of Andromeda, the Lion, 
Pox, Solieslii's Shield and the Bull— Great Irregular Nebulfe of Orion aodAigo. 

All tlie netula we have just described are distinguished by a regularity 
and a symmetry of form which, joined to s, condensation of the hght either 
in one central point, or along converging euives, indicate some bond linldng 
together all the constituent portions of each. It is impossible not to re- 
cognise in them so many systems, although as yet we are ignorant of their 
precise nature. And it is possible that a number amongst them are not 




ila in Andromeda. 



yet decomposed into stars, owing to the immensity of their distance, or, 
what comes to the same thing, the insufficient power of our t< " 

Besides these regular aggregations, there are other la 
which afiect the most various forma, completely removed from all symme- 
trical appearance. But such is the variety, snch the richness of these 
systems, that we can pass from the nehulse of spherical form to others, the 
most hizarre and irregular, by every imaginable gradation. 

Let us examine the glimmer of lengthened oval foim represented in 
fig. 159. 

The condensation of light noticed at its centre i 
according to the expression of the first observer — Simon Marlua, 
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flame of a cnndle seen thraugli ft leaf of transparent horn.' It is the nebula 
of Andromeda, whieU we have already mentioned. Its symmetrical form, 
■which caused it to be once classed among the regular nebulte, has disappeared 
in the powerful refractor of Cambridge, U.S. (fig. IGO). The nebulous 
masses which compose it have been found to be separated by two long 
canals, and it has been partly les Ived into stais Bond has counted more 
than. 1500. The qeneial primitive foiiii la atill lecognised at the centre of 
the nebula, hut it is smguUilj ilteied and insteid of one central point of 
luminous condensation i-e^tral excentncallj situated may be noticed. 




Anothei nebula tt eiliptieil foim situated lu the ennsteliatiou Leo, and 
represented m the drawing ffi^' ICl 7) is seen by Sir J. Hei-achel, has 
been obseiied in a different form (fig IPl) m Lrrd Reese's telescope : the 
central nucleus is composed of envelopes which take an anntilar spiral form, 
and the extremities of the ova! are marked by luminous ilria: placed on 
each side of the axis, like the vertebral column of a fish. 

Lastly, another remarkable example of these optical transformations, 
purely apparent, as they only depend on the power of the instiiiments, is 



Hosted by 



Google 



KEBULS or IRREGULAR FORM. 6ii> 

furnished hy a nebula sitnatecl in tlio eonstcllatioi! ynl]iecnla. Sir J. 




Hevscliel, to whom we owe tlie first drawing of tliis iieljula (fig. 1G2) g[i\ 
it tho name of the ' Dumb-bell.' 



Two luminous masses, symmeti 
rather short neck, the whole 
Burroanded with a light nebulous 
envelope of oval form, gave it a 
very marked appearance of re- 
gularity. This aspect was, how- 
ever, modified by Lord Eosse's 
telescope of three-feet aperture; 
and the nebulous masses showed 
a decided tendency to resolv- 
flbility. Later still, with the 
Mx-feet telescope, numerous stars 
were ohaerved standing out, how- 
ever, on a nebulous ground. The 
general aspect retains its primi- 
tive shape. less regular, hut sti-ik- 
ing nevei-thelese (fig. 1G3). 

The irregular nebidio arc 
sometimes presented under the 
most fantastic foi'm 



illy placed and bound together hy a 




they Eiffcct long vaporous trai 
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34i TilE SIDEREAL SYST13JI. 

here aaii there send o\it their branches ; sometimes these ehapes are hizarre 
in the extreme. Such ia the nehula in Sobieslfi's Shield. An elliptical 
portion ia tercainated hy two appendages, one of which is nearly rectilinear, 
andgiveaittheformof the Greek capitalletter Omega (fi). In the middle 
of one of the angles (fig. 1C4), two Inminona condensations are remarked 
similar to the spherical, or globnlar clusters. 

A form, still more singular, ia that of the nehuln in Tminis, wliicli. 




viewed in inefruments of slight illuminatmg pi^ei, apppara like a regular 
oval. As seen in Lord Eosse's large telescope, it resembles (fig, 165) a 
gigantic lobster, the antennseand dawsof which are figured by long strings 
of stars. 

In the centre of one of the two Magellanic Glonds winch we have 
already referred to as among the most beautiful objects of the southern sky 
(we shall describe them further on in some detail), is a nehula the complex 
form of which serves as a transitional point for us to pass to the largt- 
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sKBUL-E OF irhegulah form. 34:1 

irregular neLiilffl. It is tlie nebula of Doraclus (Plate XXI). The central 
part is composed of three bright annular masses ; the two snialleBt are cir- 
cul.ir ; the largest, of the form of a pear, is surTOunded with much paler 
appendages, etudded with a great number of amnll stara. 

Impei-eeptibly we arrive at the large nebulffi, the shapeless forms of which 
resemble clouds disturbed and torn by the tempest. But, here again, we 
fiad ill the glimmers of these distant agglomei-ations, indications of reso- 
lution into stars, [or into somethmg, of which more anon.] 

Human language has no espreaaion capable of rendering the senti- 
ments of admiration, of profound stupefaction, into which the thought is 
plunged, when, thania to tie marvellous power of our telescopes, ouv sight 
penetrates the distant strata of the sky, in which these unearthly objects 

The largest nebulte of iiTegular foi-m are found in the vicinity of the 
Milky Way, among the most brilliant constellations of the sUny sky. 




Let lis giv esting. 

One, situa n su u ds e magnificent sextuple star S, 

which we have de bel ben speal ug of he systems of multiple Suns. 
The other suito nds a s a e ual y no ewo thj »j Argfls, so remarkable on 
account of its q cl and cap e ous var at ous of brightness. The draw- 



ings, which \ 
XXII), accord 
Bond, relieve 



of tl 
ot oUlu 
a de c r on 



t g eat nebulte (Plates XXI and 
e s & r J. Herschel and G. P. 
ou d necessarily be vague and 
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Since Huygeiia discovered the neliula of Orion in 1 G5(i, tliis maguiii- 
cent object has been obsei'ved with n constantly increasing care, and the 
different regions, more or leas luminous, which compose it have been 
described in every detail. By degrees, the stara which overspread the 
expanse hove been recognised aa more numerous ; and aatrontmerg have 
arrived at the conviction that it is resolvable. 

Sir J. Herschel compares the brightest }X)rtion to the head of a 
monstroin animal, the mouth of whicli is open, iind the nose of which is in 




the form of a trunk. Hence, its name, tiie ' Fish-mouth Nebula.' It is at 
the edge of tbe opening, in a space free from nebulte, that the four brightest 
of the components of S are to be found ; around, but principally above, the 
trapezium formed by these four stars is a luminous region with a mottled 
appearance, which Lord Eosse and Bond have partly i-esolved. 

n antjeeted dui; 
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This region is remnrkaljle oa account not only of the bvillitincy of its- 
light, hut also of the numerous centres where tins light is condensed, and 
each, of ■which appears to form n steUar cluster. Tiie rectangular form of 
the whole ia also wortliy of attention. The neliulous masses smTounding- 
it, the light of which is much fainter than that of the central region, are 
lost gradually ; nccoi-ding to BontI, they assume a spiral form, as indicated 
in the drawing executed by that astronomer. 

[It has now been placed beyond all doubt that the changes of foiTo, 
have taken place in the course of our most modem obsei'Vations,]* 

According to Sir J. Hei-schel, the great nebula of Orion occupies a 
apace on the sky the apparent dimensions of which have the same extent 
as the lunar disk. He seems to believe that it is attached to the Milky 
Way — that it is perhaps the prolongation of the branch which leaves the- 
mwn trunk in Persena, and extends itself towards the Pleiades and 
Aldebaran. 

[This, however, is now no longer probable.] 

The nebulosity which surrounds !] Argils (Plate \\I) like thtt ot 
Orion, does not present any symmetry in its form or m its onthnaa It is 
situated iu the Milky Way, in the midst of a region so iiUi in star^, thit 
more than 1200 have heen counted in the area occupied hy the nebula 
The stars, however, do not seem to form part of the nebulosity but rathei 
appear to he simply projected on it. 

Towards the centre of the nebula, and close to the star u, an opening; 
of a lengthened and rounded form ia noticed, which leaves in view the liik 
ground of the sky, [This haa been named hy Mr. Abbott, a careful obser- 
ver, ' the Crooked Billet.' 

The evidences of change in this nebula are even more decided than in 
that of Orion. This object indeed may supply a link of the greatest im- 
portance, for we read that the objects of which it is composed {not stars) 
' are now of a larger character, and more refulgent than nebulous matter in 
general.'] f 

*'The observations as to the diabibution and brightness of the nebulous moltei- 
1I0 not imply any change of form, hut many flnctuadotis in the brightness of tha 
different jiarls. The general unpression wUcb I haro receited from these observs- 
tions is, that the central pai't of the nebula is found in a state of oontinnal agitation,, 
like the surface of the sea.' — O.StriiM, Obaeiiiatioiis at PoaUiowa, 'Memoirs of the 
Academij of Sciences of St. Peleribarg, 1803.' 

[Since this was written, M, Otto Struve, Father Seccbi, and many observers in 
Uiis country, have completely establislied the fact that a cliaoge of form has taken 
place.] 

■t-[Mr, Abbott, in ' Monthly Notices of the Eovnl .Astro nomioal Society,' April 
18Sa, p. wa.] 
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III. 

PLAKETAKY NEBUL.g^ ASD NEBULOUS STARS. 

Plaiielarj Nebiilte— Varialion of Aspect — Kebulous Slurs. 

The name of Planetary NehuliB baa been given to those tlie form of vliicli 
is tliat of a disk uiiifoimly liiminoue, an iippearance which causes them to 
resemble a epherieal body slightly illuminated by borrowed light, — in a 
word, a planet. In fig. 166 are represented a few oftheBenobulie of circular 

That which distinguishes these nehulte from those we have previously 
described is the equality of their light and the absence of all luminous con- 
densation at the centre. 

It is only on the very borders of the nebulous disk, tliat a slight 
diminution in the intensity of the light can he perceived. It cannot be 
held that they are extremely distant clusters of stai-s of spherical or 
ellipsoidal form, since, as we have seen, even on the supposition of an equal 
distr i of the 'n-oup, |>erspecfive alone 






would give an'appai'ent condensation towards the centre. Again, are any 
of them by any possibility veiilable clusters of flattened form presented to 
ns with their circular surfaces pcri^endicnlai to our Kue of eight? Or, as 
remarted by Sir J. Herschel, are the stars of these nebnlie in the form of a 
hollow spherical shell ? 

[These questions, so long asked, are, as we shall see, now partially 
answered.] 

The planetaiy nebula in Ursa Major, the light of which is unifoi-mly 
distributed in Sir J. Heraehel's drawing (fig. 166), has been seen under 
quite another aspect through the large telescope of Lord Eossc. The disk 
is chaiiged into £i double lumiuo\is crown, surrounded with a fringed bor- 
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der, two points appearing at tlie centre of tlie iieliuloaity which have every 
aspect of stars (fig. 167). 

Another example of these changes is furnished us by the planetary 




nebula near » Andromedte, whicli, perfectly round 
Herschel {fig. 1(56, 2), appears uuder the foi-m of a li 
of Lord Rosse (fig. Hi3). 



the draw! 
ling i 




Let 118 finish our list, eo marvellously rich in Tarious forms of nebulte, 
by mentioning those which have received the name of ' iiehnlons stars.' 
TJiese are no other than nebulte, sometimes circular, sometimes oval, 
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s met ce^ a nulir 1 t alwi s Kg lar tl ter r of wh b aijear 

one or aeveril pt«t s stand n"' out 1 fctiuctly trom tlie nebxilootj ani 
be Hj, n oreover sjiumetr eally placed 

It the nebula be c re lar tbe star 
cc p es the ce tre the case of an 

elli] tical t rn t vo stars are seen ] la ed 
%s if they were the tw f ci of the 
fii ve One a figurei fie IhS 5 
Tvl e three tana are reg larly 1 s 
t o ed at tbe angles of an e j lateral 
a lo h 1st a other very elonga 
tp 1 neb da his t vo star plac d out 
? de the extrem t es f tl e creitest 
d a neter Here as the planet ry 
nel die verj powerful telescopes e able 
u to see instead of a 1 'k teebly but 
ej ally II n ited fo ma nhoh are 
much mo e i regular and n wl cl the 
1 ght s d tr b ted in a mucb raoie 
u equal n a net 
Del" Ite ep e ented fig 1 '^ talen Iron the o gmal 
ien asl ed t we nay not see n these 
net uloTiB stars s ns en\ eloped w th an atmosj he e of ns derable 1 men 
B ons rendere I via I le at these en nious d stances by tl e 1 ght of the 
tellar foe Th s op n n is ce ta 1> not dei.n ei of probal 1 1\ 
although again we maj co der nel bus stars as cluate a ol a ulut de 
ot very small ones ha T g at tl eir ce t e a sun s ngle d ble ot even 
mult pie of wh eh the greit 1 r 11 ancj suffices ti e plain its pa ticular 
V sib ht J 

S J Herschel le-! r bes a ] la etary neb la tl e I ght of which is 
about equal to tliat of a atar of the s xtl oi aeveath ma n t de ts d a 
mete abo 1 1'' ts disk sh^litly ell j t al th a sharp lea a 1 veil 
defined outl ne hav ng exa tly tl e appearance f a pla et w th the 
e->i:cept n only of ts eolo t wl ch is a fi e and tuU blue vetg n^ some vhat 
on the g een * The aame aatr nonei lesc bes three otler eb d» the 
colour of which is a clear sky-blue. 

Aa theae latter nebulee are aJl planetary nebnlte, if the hypothesis of a 
admitted, it must be supposed that its light possesses 



& oh ire tl 
draw ngs of L rd Posse It 1 



a particular colour. 



' Outlines of Astrotiomj,' 8tli Edition, p, 645. 
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IV. 

DOUBLE AND MULTIPLE NEBULA. 



■iHponentB 



We have nolioed nebulre accompanied by systema of double or multiple 
fita pi ced n a n an e so sy n ne ' al 'd the midsi; of the nebiibsity 
that t 3 mpuss ble to lo t the e\ stence of & rei! connexion between the 
e avB ani the n I ife E dentlj tl eae are phvs oal grunps of a special 



There 



t al og 



)f nei Ik analogo to groups of stars, tbat 
] h 1 1 . merely optically, coii- 




Some appear formed of two globulai cluatera, in which the centril 
oondeiLsation indicates not only a sphencal fignie, but probably also the 
existence of real centres of attraction , examples ol this are seen m fig 
170. Sometimes the components appear entuelv "eparafe and distinct 
sometimes they encroach one on thn other , bnt whethei these appenranc t 
are optical only, or whether theie be a leal phjiiical connexion, ^^e know 






Sometimes, again, one of the corapoaents is round or gbbulai, whilst 
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356 : 

the ullier tal ea an elongated elliptical foim The nebuli lepieaented m 
fi? 171 13 eomposaduf twoioundedmasses termmated by biilliant ippen 
lilies en\elo]>ed bj a nebulo ity 
common to both the whole sur 
rounded by light lummoui area 
Bimilai to fragments of a iiebnlona 



The EiimheT of the nehulous 

centieB is ofteu vei^ aHBideiahle 

Sometimea it is as hijjh as seven 

1 m the multiple iiehulse observed 

i > bir J Her^chel of which we 

ipproduce a cnriDua specimen (fig 

17LI b) Tlie a'^mp m question 

" 1". ^ 1 »= / ,^ Qj^g pf (jjp numerous clusters 

t of the two Llouds ot Magellan We mav gathei 
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i\hn,h foim the lar^e 
fium thia ciicumstance that the c™ 
optical, if the general neb 1 ty 
a physical union. 

For the p 
will not, douhtJeas, be d m 
that of the systems of 1 
movements of.revolufiou t 
because their diBtanee, bo«e^ 
able in a limited number of years. 

On the other hand, the multiple nebulre a 
to such infinite depths in the abysses of the heavens, that any movement 
would remain imperceptible. Thousands of yeare — thousands of cen- 
tui-iea, perhaps — would be necessaiy for us to become sure of auy change 
in the position of the whole. Our telescopes will in vain increase their 
power, and the sight become mora penetrating. We cannot anticipate 
time. Compared to the life of the worlds, our life is hut a second, as our 
entire system is but a point in the expanse of tlie infinite. 



11 loes not indicate 

tl multiple nebulje 
3 we have seen 
1 tter systems, the 
th can be studied, 
T stupendous, tenders this movement observ- 



MAGELLANIO CLOUDS. 



Whes we look oil the region of the celestial vanlt which surrounds the 
South Pole, we cannot help being struck with the contrast presented by 
the small quantity of stars which it contains, with the hrilhant zone which 
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m and Argo, to tlie Centsini', passing 
star of tlie first magnitude, Acliernar, 




boi'dei's on the Milky Way, from 
by the Southern Cross. One soli 
more distant from the Pole 
than are the heantiful stars 
of the Centaur and of the 
cross, shines la this part of 
the sky. ■ 

But even tliis oircnm- 
Btancs renders the singulai- 
aspect of the two nebulous 
apots, 'which aeem two de- 
tached pieces of the great 
Galactic Zone, still more 
fltrildng. These half-stel- 
lar, half-nebnlons systems, 
unequal in magnitude and 
brightness, hnt easily seen 
with the naked eye in a 
clear moonless night, are 
situated, one, the larger 
and more brilliant, between 
the Pole and Oanopus, in F^g i-i-Mi^eiiam^Li ,. ii 

the constellation of Dora- 

dus; the other, the smaller and less hulhant uidmarily 
the full moon, in Hydrus, 
between Achernar and tlie 
Pole. 

Both are known by 
astronomers and na^iga- 
toi-s under tlie name of 
' Cape Clouds,' or, again, 
'Magellanic Clouds.' And, 
to distinguish them, we 
have again the GireatCloud 
(NiAecula Major) and the 
Small Cloud (Nubecula 
Minor). In figs. 172 and 
17S the general form of 
these two nebulfs is repre- 
sented. 

The Clouds of Magellan 
are distingiiiahed from all 
other nahnlse which we 
have as yet described hy 
their great apparent di- 

uid by their physical sti 
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tliem from most of tlie branches and offiihoots of the Milky Way, with 
which, we may also add they do not appear connected in any way 
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aid of a powerful telescope by Sir J. Hersehel, during his stay at the Cape 
of Good Hope, they were both decomposed in a manner of which fig. 174, 
which represents a portion of the Great Cloud, gives an idea. 

We have first a great number of single stars, the brightness of which 
varies betweeen the fiith and eleventh m^nitudes ; then star -clusters, some 
of irregular form, others — and the largest number — tal in ■ a gl b lar 
spherical, or oval shape ; lastly, nebnlas, some separate, otl ers g ouped m 
two, three, &c., most of them ronnded and regular. Some of them k o n 
under the name of Nebulse of Doradus. already described an 1 reprea n er! 
in Plate XXI, are situated in the Gv(.'at Cloud. ■ Tl 1 
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PHYSICAL CONSTITUTION OF NEBULA. 359 

Humboldt, ' scflTcely occupies the ^^^fli part of the area of tie Cloud ; 
and Sir J. Herschel lias already measured in. this space the position of 
105 stars, of the fourteenth, fifteenth, and sixteenth magnitudes, standing 
out on a nehulous background of unbroken and uniform brilliancy, which 
has resisted the most powerful telescopes.' 

The double and multiple Nebulse are alao much more numerous here 
than in the other zones of the heavens, richest in objects of this nature. 

Thus, we repeat, the constitution of these irregular Nebuhe appears 
quite different from that of the Milky Way, irom which we may also add 
they are some distance removed. They are distinguished also from other 
known Kebulse, and seem like miniatures of the entire heavens. 

A word now on the structure of each of the two Clouds. In the 
Great Cloud, Herschel has counted 683 single stars, amongst which one 
only is of the fifth magnitude ; six others are of the order immediately 
inferior, and would doubtleee be visible to the naked eye if their light weie 
not effaced by the genera] glare. Then come 291 ITebulfe and iO ^tar- 
clusters, forming so many distinct groups. 

In the Small Cloud, the single stars are proportionally moie numerous, 
since 200 have been counted, amongst which three are of th" sixth mag- 
nitude, whilst it only includes thirty -seven Nebulse and seven star dusteis 
These immense aggregations, the elements of which are themtelves swarms 
of suns, remind us of the largest, in appearance at least, of all the cbsteie 
which the eye contemplates in the depths of the sky — the Milky Way. 



VI. 

PHYSICAL CONSTITUTION OF NEBULiE. 

All the N"ebul», scattered throughout the depths of the sky, were but 
lately considered to be so many agglomerations of stars, differing only from 
etar-clusfers by their general form, and the grouping of the components. 
But it has often been thought that, among these celestial clouds, there were 
some, at all events, composed of diffused vaporous matter, or at least 
formed by the accumulation of bright corpuscnles, of great relative tenuity, 
and as such, posaessmg no analogy with the other celestial bodies — with suns. 
The hypothesis of a nebulous matter endowed with its own light and 
scattered in immense masses over the expanse of the infinite, was proposed 
originally by astronemers whose instruments were unable to resolve these 
cosmical clouds. The large Nebuhe especially, like that which surrounds 
the star 6 Orionis, of irregular form, lent great probability to this hypothesis. 
But the resolution of the globular Nebulte, one by one, at length resulted 
in the idea of a real nebulosity being confined to the irregular Nebula. 
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But Intel- still, modem observations, made with instruments of great 
power, by degrees skowed an apparent identity of Gompoaition with the 
Btellar chiatera ia agreat niiraber of these last Nebiil». Thousands of little 
stars appeared, where before a phosphovesoeat milky glimmer, according to 
the expveesion of aetroaomera, of an indefinable and characteristic aspect, 
was noticed. The Nehulte in Andromeda aud Orion, in which observers 
had remarked no suspicion of stars or stellar sparkling, indicative of pro- 
table resolution, have recently been stated to be resolved, at least in part ; 
aud as a conseqnence, the hypothesis of a diffused, nebulous ma'^ter lost 
ground in proportion as our ineans of observation were increased. Bnt 
still it was asked, Must it be quite abandoned ? The existence of matter 
of this kind is not incompatible with what is Icnown of tlie physical 
constitution of the celestial bodies. Comets, with their vaporous nuclei, 
which show various degrees of condensation, their envelopes, and tails, so 
diffused that stars are perceived through them, andtheirsmall masses, show 
that this existence is possible and teal. The agglomeration, of whatever 
nature it be, which produces the zodiacal light, also supports the hypothesis 
of nebulous matter. 

Not long ago, however, in addition to the analogies ia colour, distri- 
bntion, and, above all, in physical connexion, wliich the Nebulce present with 
stats, both single and united ia conplea, a new analogy was discovered. 
We refer to the variability of their light, which, paradoxical as it may seem, 
seemed to render any analogy between them, as far as their physica! con- 
stitution was concerned, impossible. Of two Nebnlie, both situated in the 
constellation Taurus, the first, nearastav of the tenth magnitude of variable 
brightness, presented variations which appeared to correspond with those of 
the stars,* and has since finally disappeared. The second Nebula, situated 
near ^, after having gradually increased in brightness during more than 
three months,f also disappeai'ed. 

Some analogous phenomena had been already recorded by Sit W. Her- 
sohel. Two stara, sutrounded with dvcnlai' Nebula in 177i, presented 
no traces of these envelopes in 1811. Arago has described another fact, 
bearing on the same kind of transformation ; ' Lacaille,' he remarks, ia a 
note to his Biography of Sir W. Herachel, ' during his stay at the Cape, 
saw in Argo five small stars in the middle of a Nebula, of which 
Mr. Dnalop, vrith much better insfrumeats, could not see the slightest 
trace in 1825.' 

Lastly, as we have before seen, it is impossible to reconcile the obser- 
vations aud the drawings of the Nebula of Orion, made by many contem- 
poraiy astronomers without being obliged to admit that it has undergone 
real changes in brightness and in the outlines of its different regions. 

* D'AiTest, Hhid, Ohaoornac. 

■|- Observed bj M. ChaQotuan. Tta disappeavtince wns not decidedly proved fnj; 
more than six yeai's aitertho Maximum of brillianoj. It would be interostiiig to 
know whether a gradual deoreane Buccaaded the phases ot incri'ase, or whetiier tlie 
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CONSTITUTION OF NEEUL.K. 361 

The variability, the disappearance even, of a star, is explained hy the 
aid of more or leas satisfactory hypotheses. This, however, is not the case 
with a Netida, if we admit that it is coioposed of distinct stai-s. 

[Was then the hypothesis of a nebulous matter correct after all, seeing 
that variations of brightness, progressive or even sudden extinction of light, 
might be comprehensible in raasaes of this kind ? 

This question, tlianlte again to spectrum- analysis, we can now answer 
in a decided affirmative. 

On August 29, 1864, Mr. Hnggins, whose observations* on stellar 
spectra we have before referred to, directed his telescope, ai-med with the 
spectrum apparatus, to the planetaiy Nebula in Draco. At first he sus- 
pected that some derangement of the instrument had talten place, for no 
spectvnra was seen, but only a short line of light perpendicular to the 
direction of diBpersion. He found that the light of this Nebula, unlike any 
other ex -terrestrial hght which had yet been subjected to prismatic analysis, 
was not composed of light of different refrangibilities, as we saw that of the 
Sun and stars to be, and it therefore could not form a spectrum, A great 
part of the light from this Nebula is monochromatic and was seen in the spec- 
troscope as a bright line. A more careful examination showed anotlier line 
narrower and much fainter, a little more refrangible than the brightest line 
and separated from it by a dark interval. Beyond this again, at about three 
times the distance of the second line, a third exceedingly faint line was seen. 

The strongest line coincides in position with the brightest of the air 
Imea. This line is due to nitrogen, and occurs in the solar spectrum about 
midway between b and F. The faintest of the lines of the Nebula coincides 
with the line of hydrogen con-esponding to the line F in the solar spectrum. 
The other bright line was a little less refrangible than the strong line of 
larium. 

Here, then, we have three little hnes for ever disposing of the notion 
tiat Nebnlse may be clusters of stars. How trumpet-tongned does such a 
fact speak of the resources of modern science I 

An object-glass collects a beam of light which for ever without such 
aid wonld have bathed the Eaith invisibly to mortal eye; the beam is passed 
through a prism, and in a moment we know that we have no longer to do 
with glowing Suns enveloped in atmospheres enforcing tribute from the 
rays which pass through them, bnt with something deprived of an atmo- 
sphere, and that something a glowing mass of gas. 

Mr. Huggius has not been idle since his discovery, and has observed a 
large number of nebulse with the most interesting results. 

Not only must we discard the notion — a very pardonable one when ive 
consider how it came to be held — that the glorious cluster in Perseus, or 
tliat somewhat more typical one in Hercules, may be taken as an exemplar 
of all our nebulte, could we bring sufficient optical power to bear upon 
them ; but tlie conclusion is obvious, that the defection in a nebula of 

* IPhilosophiatlTramadions, 18C±. Part 11. p. 4:n.] 
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302 THE SIBBSEAL SYSTEM. 

miniite olosely associated points of light, which have hitherto heen considered 
as a certain indication of a stellar constitntion, can no longer be accepted 
as a proof that the object conaists of true stars. These luminous points, in 
Bome nebulte at least, mu=t he regarded as themaeivea gaaeous bodies, denser 
portions, probably, of the great nehulonB masB, einee they exhibit a consti- 
tution identical with the fainter and outlying parts which have not been 
resolved. The nebulse are thus shown by the prism to be enormous 
gaseous systeios, and it appears probable that their apparent permanence 
of general form is maintained by the continual motions of the denser portions 
which the telescope reveals as lucid points. 

More than this, the proper motion of nebulaa has not yet been inquired 
into, because everybody, looking upon them as irresolvable star-clusters, 
thought them infinitely remote, Now, however, that we know that they 
are not clusters of stars, properly so called, it is possible that they may be 
much nearer to us than we imagine. 

The concluaiona to which Mr. Huggins has been led, by his observations, 
are, curiously enough, the very opposite to those which speculation would 
have predicted. Speculation would have looked upon nebulje as sun-germs 
— aa composed of the very matter of which Faye has so recently stated the 
interior of our own Sun to be atill composed, The faint glimmer of one of 
those eloquent lines here, three there, four elsewhere, a faint, continuous 
spectrum with bright lines in one place, and a well-defined continuous 
spectrum in another, would, taking the relatively insignificant optical means 
employed into consideration, have been held to bridge over the gap between 
star and nebula as successfully as we have now bridged over that which 
once separated sun aiul star,] 
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BOOK THE THIRD. 

STRUCTURE OF THE HEAVENS, 



I. 

OUR OWN" DNTVERSE— THE MILKY WAT. 



As we have before stated, the Milky Way extends across the heavens, 
following nearly the circumference of a great circle of the starry sphere, 
the irregularities of its form, and the inequalities of its breadth in differ- 
ent portions, not heiug taken into aceoaat. It divides the celestial vault 
into two portions, not qnjte of the same extent, tlie smaller of the two being 
that which contains the constellations of Pisces, Oetus, in short, those near 
the vernal eqninoxia! point. It follows, therefore, that the Milky Way in- 
cludes the region occupied by our Sun, But what is the true form of this 
prodigious assemblage of stars, which, according to Sir W. Herschel's esti- 
mate, deiinced from a considerable number of ' gnages ' of the heavens, 
contains certainly not less than 18,000,000 stars ? The small breadth of 
the zone, compared with its other dimensions, shows that it is formed of a 
stratnm of snns, distributed irregularly and comprised between two nearly 
parallel planes, which give the whole the figure of a flattened njillstone, 
the rim of which is split into two portions throughout one hall of its cir- 
cumference.* 

It is nearly at the centre of this gigantic collettion ot stars, about 
half way between its two surfaces, and near the region where the separa- 
tion of the zone into two strata occurs, that, lost in this vertex of worlds, 
our little Solar System lies. The dimensions of the centre of this system 
— the Snn, which appeared to us at first so great, but which a second 
look at the stellar universe showed to he those of a star of the second or 
third order — are now found to represent but an atom of the luminous sand 
of the Milky Way. 

* [Let it be noted, however, before this ooneluaion is admitted, that it depends 
on the assumption that there ia a general utiiformitj in ihe distribution of stars 
(and also, to a csrtun extent, in their n^nitude) throughout the sideceal system. 
If the poseihilit; be onfe fulniitt^d, that multitudes of the stars forming tha Qaiaxj 
ore minute oompured with our Sun, or Arcturua, or Sirins, then no such eoncluaion 
EK the above can be acoepteil until it hsa been demonstrated. The -whole is a 
question of ovideiiee.— 11. A. P.] 
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364 TUB STDJittEAL SYSTEM, 

The position of the Sun in this zone explains the general aspect of the 
■whole firmament, and shows, besides, that all the stars go nniversally and 
singularly dietrlbnted, and apparently so distant from those portions of 
the Milky "VTay itself which give rise to the appearance, probably form a 
part of it. 

Indeed, when from the point wheiewe aie situated we look m the 
direction of the length of the steliai stiitum ■we meetwith bo tj speak, 
indefinite Iflles' of stars and clusters ot stars, which give to the Milky 
Way its maxirauni derieity, and biightaeea If, on tlie contiary tJie 
sight be alloweii to travel m directions more ■md moie inclined the visual 
ray traverses strata continually decreasing in thiohnees, and the density 
should deci-ease with great rapidity Lastly, m the direction perpendioulii 
to the thickness of the stratum, the stars should appear dispersed, as they 
really do in those parts of the heavens apparently most distant from the 
great nebulous zone. 'Just as v.e see, sajs bii J Hei-achel in his 




' Outlines of Astronomy,' ' a alight haze in the atmosphei'e thickening into 
a decided fog-hank near the horizon, by the rapid increase of the mere 
length of the visual ray.' 

Figure 175, which represents, according to Herschel's hypothesis, the 
Milky Way, in a section perpendicular to its thickness, and along its 
greatest diameter, which passes through the Sun, renders the explanation 
■we have given easy. 

With the help of this conception, we may again refer to the rajiid 
decrease in the nnmher of stars in those regions which, on both sides of the 
Milky Way, extend as far as the two poies of the great circle which the 
Galaxy traces on the face of the heavens. 

The poles of the Milky Way are situated, the north pole near Coma 
Berenices, the south pole in the constellation of Cetiis. When, from one 
or other of tliese points, we advance progressively towards the Milky Way, 
the mean iinmber of the stara increases, at first very slowly, then, in the 
vicinity of the galactic plane, with very great rapidity, so that it is about 
thirty times greater in this piano than in the galactic polar regions. 
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OUH ovyx UKIVEKSE — THE MILKY WAY. -SCo 

Until now we have but obta "I ^ Id f tli f of the 
Milky Way, and of the position wli 1 th S n p tl dat of it. 

To complete our acconnt of wh tlwfttt nst here 

attempt to give some idea of its al 1 

Comparing the photometri hit ttl t fh lifferent 

orders of miignitnde with the oi d f p h bl d t b "fl Herschel 

arrived at the most astonisMng 1 ti 1 m f the Milky 

Way. 

The stars viaihle to the eye comp t k th fi t orders 

ofnw^nitude, The illustrious a t n f SI h t hi 1 Itl t, in the 
mean [making ceitwii assumpt t th g liio of the 

fixed stars], those of the sixth d tht to jth nllst stars 
visible to the naked pye ate tw 1 ti es dista t th h t 's of tlie 

first magnitude fctarting the t* nd al 1 t ng th p pe etratiug 
power oi his telescopei, he amv d at th nf th t h Id obseiwe . 

in the depths ot the heavens t t ted t a di t 00 times 

greatei than the mean distance f th t f th fi t gmt d . And 
Herschel recognised moreover th t tl bl t t f th M Ity Way, 

in some regions increased mth the power of the instrument brought to 
bear upon it, and th t h 1 g 40 leet 1 1 p Id t ach the 
limits of this t h h h th t decl d f th m bl 

Kow, wh w 11 th t 1 d d t b tw th est star 

to our world— h dt ihtlhtth y tt it — we 

shall recogni th 1 ftl f t m h th t th M 11 j ^^ y in the 

direction of th m t di t t j, ce bl only be 

completely t dly lit pe d 1 t m i ds of t«n 

thousand ye Th h ppH g th ^ t th -v j e of the 

largest astron ml mtwb tl t^tedk back- 

ground of the aliy, ieeble luminous points, we receive on our retina tlie 
impression of an uiidulatory movement, which was set in motion ten 
thousand years ago, by the incandescent mass of suns like ours, which form, 
as he does, part of the same sidereal group. 

Calculating the thiol ness of the Milh W aj from its apparent breadth 
Herschel arrives it the result that its tkickne^ is about eighty times 
greatei than the distarce of the ^tais oi the first magiitide Thus the 
stsUai stratum, ei atly suipa sea in this di ect n e\en the hpace {.ene 
tratmg power ot the human e^e '\^henco it follows that as we lave 
hetore stated Not only oui &un but all the stiis tl at we can see with 
the naked eye, are deeply plunged in the Milky V\ ay, and form an integral 
portion of it.'* 

[Herschel admitted, however, towards the close of his career as an ob- 
server, tliet the gTeater richness of certain guages may be due to a greater 
real riolmesB of stellar aggregation, instead, as he had assumed so far, of a 
great extension of the Glaluxy. There is no direct evidence in favour of 
the fundamental hypothesis (admittedly an hypothesis) on which Herschel 
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pursued his plan of star-guaging. On the other hand, the present writer 
has shown that there are very numerous and very weighty argumenta 
ftgainst it. These arguments depend chiefly on numerical statistics, not 
known to Sir ^'. Herachel, nor until long after his star-guaging had heen 
completed.— R. A. P.] 



II. 

OTHER UNIVERSES. 

'It is extremely prohahle,' remarked Sir W. Herschel, in a memoir in 
1818, ' that some of the nehulie of cometary form, many of the stellar 
nehnlre, and a oonsiderahle number of nebulous stars, are merely clusters 
of stai-s, banished in space to such depths that the penetrating power of the 
telescope has not yet been able to resolve them,' 

This opinion, as we have seen, has now become a certainty, thanks to 
the power of onr modem instruments.* 

The stellar clusters and nebulaa are, then, the most distant of celestial 
objects, which the eye can reach ; the accumidation, in a small space, of a 
mnltitude of Inminons points, allows them only to he distinguished as a 
whole. The astronomer whose words we have quoted estimated the dis- 
tance of the 76th cluster of MessJer's catalogne at more than 700 times 
that of the stars of the first magnitude, It is not visible to the naked eye, 
but it would become so if its distance were reduced to a quarter. If we 
suppose it removed to five times its actual distance, that is to say, to 3600 
times the distance of Sinus, the large Herschelian telescope of 40-feet 
focos would still show it, but only an irresolvable nebula. It is, then, ex- 
tremely probable that, among the many nebulsa, indecomposable into stars, 
beyond the Milky Way, in tiie depths of the heavens, many are as distant 
aa that of which we spealt. ' Doubtless, many are still more bo. Now, to 
reach us, light-rays must have lett itars situated at such a distance mote 
than 700,000 years ,ago. When we reflect on the imnjeneit^ of suth a 
time, which embraces thousands of centunes and on the extitorhnaij 
velocity of the luminous movement m the bosom of the ether th Hiiht i^ 
utterly confounded in the contemplatun ot such aljtses the txteit rf 
which measures, not indeed the dimei sions ot the Heavens — the\ are in 

* [Many netmlce, formerly considered as irresolTshle, hare been shown to oonsist 
of disoreta points of light. But it remains yet to bederaonstratefllliat even a sjogle 
nebula is on external universe. The arrangement of the irresolvable nebalce over 
the celeatial vault is related in so remarkable a manner to the arrangement of flxefl 
stare, as to suggest the probability, if not the certainty, that the nefaolie lie ivithin 
the limits of the sidereal system. That some do, is beyond all question. — S. A. P.l 
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expressible— but tlioae portions of them which surround ua, and of which 
Astronomy haa studied the striictuTe. 

We can now represent the Heavens, even in their majestic whole. In 
the depths of limitless apace, exist numerous aseemblagea of stars, like so 
many archipelagoes in an infinite ocean. Each of these Universes is itself 
formed of a multitude of clusters, in which the auna are grouped like so 
many systems, the condensation of which is more decided than in the 
structure generally. 

Suns are the individuals of these associations of worlds. But here 
again is found the tendency to form groups ; and double and multiple 
stars present to us simple systems of two or three suns gravitating one 
round the other. 

Here, then, would end what we could know of the structure of the 
Universes, if we did not ourselves form part of one of the most simple of 
these solar systems ; if the study of the planetary system, and of its 
varied organization, did not teach us what part each of these millions of 
celestial bodies may play in journeying through space, continually radia- 
ting afar their rays of heat and light. 

Each of these elementary groups may itself be subdivided into smaller 
groups — into systems of bodies which gravitate round a central body, 
presenting the wonderful spectacle of a system in miniature. Who knows 
besides what the study of each of the suns which people the expanse might 
reveal, if it were given to us to penetrate into the sphere of their action, 
and to observe the phenomena of which this sphere is the scene ? But, if 
imagination has a right to form conjectures on this subject, it is not so 
with science ; the severe methods of which reject, without condemning 
them, hypothes^ not based on facts and observation, and inferences drawn 
from facts by rigorous reasoning. 

Here ends the purely descriptive part of our task, the object of which 
has been to give a picture of the phenomena of the Heavens according to 
actual astronomical knowledge. We may be mistaken, but we hope that 
more than one reader will wish to penetrate deeper still, and will not be 
sorry to comprehend, as much as it is possible without previous scientific 
preparation, the laws which regulate celestial movements, and explain the 
most complex phenomena. These laws are at once simple and sublime, and 
are an eternal honour to their discoverers, and a monument of the power of 
the human mind. 
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PART THE THIRD. 



IllE LAWS OE ASTRONOMY. 

METHODS AND IKSTEUMENTS EMPLOYED BY 
ASTEONOMEBS. 



BOOK THE FIRST. 

THE LAWS OF ASTfiONOMY. 

The TDarvelloiis panorama piesented by tlie visible Universe haa now 
passed before our eyes ; the Solar System, eack componeat of wliicli we 
have exploi'ed, has shown us ia detail what liind of bodies are those suns 
with wliich infinite space is strewn ; and what may be tbs conditions of 
those others bodies, not self-luminous, which circulate round them, what 
their motions, dimensions, and physical coastitution. The sidereal world 
has in turn revealed to ue its magnificence, in its groupings and gigantic 
assemblages of suns, and we have beea enabled to foi'm an idea of the 
structure and anntterable dimensions of the Universe, or rather of that 
part of it rendered accessible by the teleBCojie. 

Were we to stop here, therefore, tiie object we had ia view in this de- 
scriptioa of the physical coastitution of the Heavens would have been accom- 
plished as far as the Umits of this volume would permit. The results of 
modern iavestigations have beea passed under review, and we have dwelt 
upon them sufGciently to iadicate the interest and importance which attach 
to them. 

And yet, hitherto, we have left in the background, or trenched on but 
lightly, that part of the subject which maltea Astronomy, regarded from 
an intellectual poiat of view the most exact, the moat admirable, the most 
sublime of all the natural sciences. We refer to the laws of the motions 
of the celestial bodies, and to the formulae, so simple in appearnnce to us, 
which have demaaded so much mental labour, time, and genius for their 
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—precious conquesta of the mind, which have enabled man to 
penetrate even into the very heart of cdeatial phenomena ; to discover their 
caiisefi and relationships, and permit us now-a-days to 'predict the retnm 
of the phenomena and to calculate the variations with incomparahle 
precision. 

Thanks to these laws, the motions of the celestial bodies, their dis- 
tances, dimensions, and even -weights, have heen traced, calculated, and 
valued. The relative positions of the bodies of the Solar System — 
planets and satelhtes, and even comets — positions so extremely variable, 
influenced by so many causes, can be assigned long beforehand, and thus 
furnish to the other sciences, and even to practical men, — our sailors, to 
wit, — most important data. 

It is not in a popular treatise on the physical phenomena of the 
Heavens, sneh as the present, that an acconnt of these laws, rigorous in its 
treatment, will be expected ; to give this, it would be necessary to call to 
our aid the mathematical sciences, the language of which, though bo clear 
to those who have made it their special study, is, nevertheless, purely 
enigmatical to the uninitiated. 

But it must not be imagined from this remark, that it is impossible 
for onr readers to gain an idea of these laws, or that they are confined in 
a sanctuary where the vulgar can enter not. To those whom a rigorous 
mathematical demonstration would avail nothing, a cleat and well-defined 
exposition, and apt, if even familiar, comparisons, are often sufficient to 
enable the mind to see the law and the drift of the method. And for such 
who love to render reason.'and to take nothing upon trust, this present 
Third Part is written. 

The laws of planetary motion, as annonnced by Kepler, and of gravity 
discovered by Galileo, and extended by Newton to the heavens; the 
secondary phenomena which result from these fundamental laws, such as 
planetary perturbations and the tides; the magnificent hypothesis, by 
means of which Laplace has explained the origin and formation of our 
system, will occupy the First Book. These will be followed by an account 
of the methods which have been employed by our philosophers to measure 
the distances of the Moon, Sun, and Stars ; and we hope our account will 
enable those who still suspect the possibility of such measures, to be 
convinced of the aoUdity of the methods employed. Lastly, we shall 
bring the volume to a dose by a description of the principal instruments 
employed by astronomers, and of one of those edifices, held by some to be 
n mystery, where, in the silent night, so many men, devoted to 
!, have explored and still explore the depths of heaven. 
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KEPLER'S LAWS 



OoPERNiouB, by his discovei'y of the movement of the Earth and Planets 
round the &xm, laid the foundations of modern astronomy. Galileo 
strengthened the building by basing the system upon new proofs. But 
the real form of the Earth's orbit, and that of the other planets, and the 
velocity with ■which they moved in the various portions of those orbits, 
and their relative distances from the central body, remained still unknown 
for some time, although the determination of these problems was in- 
dispensable for the future progress of the science. For this, however, we 
had not long to wait. Thanks to the genius and the perseverance of 
Kepler, in lees than a century these different problems were completely 
solved. Talring, as the basis of his researches, the observations of his 
master, Tycho Erah^ this great man, after seventeen years of anflogging 
toil, discovered three laws to which posterity has attached his name. We 
will now endeavour to give an idea of these laws, which will complete 
what we have written on the Solar System, 

We know that a planet in moving round the Sun describes a con- 
tinuous curving hne, each point of which lies on an ideal plane, which 
passes through the centre of the Sun. Such an orbit is named in geometry 
' a plane curve.' Now, what is the form of this curve, and what is the 
exact position occupied by the Sun in this plane? Kepler's first law 
answers these two questions. 

The orbit of each planet is an oval curve — stn eUipse. Ho^v, then, 
can we regularly define an ellipse? 

Take a thread, the extremities of which are attached to two nails or 
pins ; press these nails, or pins, into a sheet of paper, or a board, or any 
plain surface on which the curve in question may be traced ; but take care 
that the thread is longer than the distance between the two fixed points. 
This done, by the aid of a pencil stretch the thread till it 13 tight, in such 
a manner that the point of the pencil can travel over the surface destmed 
to receive its trace. Then let the pencil move along the thread, the latter 
being always tightly stretched, and the point will trace part of a curve, 
which can be easily completed by afterwards placing the thread and the 
pencil on the other side of the hne which joins the fixed points. Fig. 176 
eliows how this may be done, and gives also the form of the curve 
obtained. 

Such is the line which in geometry is teimed an elli-pie. 

The two points, at which the extremities of the thread are fixed, have 
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received the name ol/'Ci, lud the tv. j jjoiti ma of thieiil ^\lin.li connect 
these foci with, edih point oi tlie ellipoe, arc cnllad the radii leUores of 
this point.* 

It is easy to see that this ciiive is elongated m the ■iuection of the 
line which joins the foci The hue a a is called the majji (un of the 
elUpse, the middle point of the major axis is the centre of ihe curve, 

If, Btill retaining the same foci, we describe other ellipses with shorter 
threads, we shall obtain figures more elongated. The contrary wilt 
happen if we use threads of greater length. In the latter case, the ellipses 
will g ad ally approach the form of the cirele ; they will never, however, 
absol telj leaoh the circular form. 

Lastly f with a thread of the same length we mere i'*e or deoieasa the 
d stance between the foci, the same diffeiences of form will le obtained 
In tliB case the length of the major axis will remain the same bit the 




more the foci are separated the more oval will become the cui-ve ; contrari- 
wise, the nearer they are together the nearer the figure will resemble a 
circle, finally becoming one when th^ foci are situated in a single point. 

We shall now be able to understand Eepler's first law. 

Each planet describes round ihe. Sun an orhit of elliptic form, and 
the centre of the Sun always occupies one of the foci. 

"We have already seen, that the dimensions of the orbits described by 
the planets differ among themselves, and that the elHpticity of these orbits 
53 far from being the same for all. Some orbits are nearly circular, as, 
for instance, those of the Earth, of Neptune, and especially Venns. Others 
are mora elongated in shape ; those of Mercury and of the Asteroids which 

* As tie length of tlie thread remains constant, the Kum of the rorfii vectores Is 
the same for aU points of the ellipse. This property SiCrvas to define this curve. 
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374 THE LAWS OF ASTEOXOMT. 

lie between Jupiter and Mara. Lastly, tlie cometa of oi\i system lia,ve 
the most elongated orbits, and among them tliat of HaUej's is the moat 
decided. 

It evidently follows, from Kepler's first law, that the distancp of a 
planet from the Bxai varies continnally during its revolution, and takes all 
possible values between the extreme lltnita, which correspond to the two 
positions occupied by the planet at the two extremities of the major axis 
of the orbit. 

Is, then, the velocity of a planet's motion always the same in the dif- 
ferent pai-ts of its orbit ? No. The movement is by so much the more 
rapid, as the planet is nearer the Sun. Kepler's second law shows ua how 
ihia velocity varies. 

Let US take a planet in different positions in its orbit, and let us mark 
off on the orbit arcs described by a planet in the same time, P, Pj, Pa, 
Pa. P*, Ps. 

We have said that the velocity var'ea th'a e identlj ii the same ai 

saying that the paths dpsciibed in equal tmies are ot unequal length ao 

that the difEiLult\ c insists m finding a a con exion between these eon 

stent \ anations n le gth 

Let us nsert the planet 3 

d mctoits n ea h of 

the p s t ons ch sen we 

aball y these means t im 

as na ytnanglesastheie 

a e a nder cons dera 

t on N the sn faces 

or ■5rcs f these tr angles 

of wh ch the ba es are 

formed by tl e a cs de 

Bc lb d m equal f mea 

th ref e t tl e le gth 
^^- "^' ot t e be doubled t 

pled, &c., the areas of the triangles will ba do 1 led tr pled d 
Kepler, therefore, thus announced 1 s second la — 
The areas, described or passed over hy the radii vectores of a 'plamst 
rovmd the solar /ocas, are proportionate to the time taken in describing 

Now, it clearly follows from this second law, that the arcs described 
in equal times are smaller as the planet recedes irom the Sun, and become 
greater as the Sun is approached. The triangles gain in breadth what 
they lose in length, and their areas remain constant. In other worda, the 
planet moves faster the nearer it is to the Sun. 

Kepler's first two laws apply not only to the orbits of the planets, but 

-that in which the Sun is 
ia but a single radius vector. 
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to diose of their aatellites. Thus, the curves described hy the Moon 
round the Earth considered fixed, is an ellipse, and our glohe occupies one 
of the foci. More than this, the velocity of our satelUte ia such, that, if 
we divide its orbit into lengths passed over in equal times, all the triangles 
formed by the radii vectored of the Moon in its different positions will 
have a surface of similar extent. 

We now come to Kepler's third law, that which cost him much more 
labour. More abstract than the iirst two, though equally simple in its 
enunciation, it is of the last importance for a proper compreheneion of the 
subject, and merits in every way ottr attention. 

The first two laws deal with each planet considered by itself, and 
would hold good if the system were only composed of two bodies, the Sun 
and a planet. The third law establishea a relationship between every 
planet in the system. 

We must here again call attention to the fundamental fact, that the 
mean distances of the different planets from the Bun continually increase 
from Mercury to Neptune, and the same thing holds good for their revo- 
lutions romid the Sun. But what relationship exists between the length 
of these periods and the distances, or, in other words, between the periods 
of revolution and the major asea of the orbits? Such is the problem re- 
solved by the third discovery of Tycho Brahe's disciple. 

We will write, in two separate columns, the periods of the revolutions 
of the principal planets, mean days, and double their mean distances from 



the Sun 
follows : — 



thousandths of double the n 

PeriodaotBevflv 
Mercury 
The EfirLh 



1 distance of the Earth, as 

n, or Major Axes. 






Saturn 
Uranns 
Neptune 

Let now the periods of revolution be multipli 



10759-33 



7J13 

luuoo 

15a3-T 

aao3-8 

e-138-8 
19183-7 
30010-0 



I by themselves. To 
multiply a number by itself is to form what is called its square. This first 
very simple operation will then give the square of the period of the revo- 
IntiouB of the planets ; this will fona another new column. Let us pass 
to the second : multiply each number which represents the major axis of 
the orbits hy itself, this will give the squares of these axes. Now multiply 
eaeh.of these squares, not by itself, but by the figures in the column which 
represent the major axis ; this will give the cubes of the major axis, and 
we shall have a second new column. This done, let ns compare two 
squares in the first column, and two corresponding cubes in the second 
one. Divide one square by the other, this will give ub their retio ; divide 
in Uke manner the two cubes, and let ns compare the quotients.* 
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We eliall find themeqTial, And this will tiftpijen whiclievov two jjlanRts 
we take, Keplers third law, therefore, is enimciated as follows : — 

The squares of the times of revolution, of the planets round the Sun 
are proportioual to the ntbes of the major ayes. 

Thus, we need only know the time of levolutlon of the planets to 
deduce their major axes, and, as a cunsequenoe, their mean dibtances from 
the Sub. And as we know the ahsohife value of one of these, we know 
the ahsolute value of all. Thus, the knowledge of the relative diataaicea 
of the different bodies of the system depends upon tlio knowledge of one 
only — that of the Eai-th, for example. Further on we shall endeavour to 
give an idea of the method which enahles us to inrestigate how many 
radii of the Earth, or how many milea, bridge over the distance which 
separatea ua from the centre of oar system. We may also add, that 
Kepler's third law applies to the satellites of any given planet ; that is, 
it has been found to hold in the cajiea of tlie satelhtes of Jupiter, Saturn, 
and Neptnne. 



II. 

UNIVERSAL GRAVITATION. 

Gravily oh the Surface of the BarOi— Law of tlio DimiDivtion of the Force of 
Grnvil.v with inereaBed DisUnne — The Fall of the iifoun towards the Earth — 
Gravitation is uoiverBal — How the Sun sjid Planets are weighed, 

EvEHYTHiNO ■visible and tangible, or, more strictly, everything existing 
in a solid, liquid, or gaseous state, with which we ore acquainted on our 
planet is subjected to the law of gravity, or, in other words, has weight. 
What, then, do such expressions as 'weighty,' or 'heavy bodies,' and 
* weight ' mean ? This, namely, that every portion of matter left to itself, 
either in the atmosphere or in vacuo, falls in the direction of the vertical of 
the place on which it falls. That if the body be sustained and remains in 
equilibrium, or in repose on a surface, it still exercises a force — a pi-essura 
on whatever hinders it from falling lower, a force, of which it is easy to 
eonvmce ourselves by noting the effort made by the hand, when it forms 
the supporting surface.* 

Experience proves that the direction of this force, Imown under the 
name of ' gravity,' lies always in a vertical line ; that is to say, in a line 
perpendicular to the horizon, or to the surface of water at rest. But as 

srs, for Venus 378,391.648, for Jnijiter 140,SS5, 2 58,335. Divide one square by the 
other, the quotient is 973. Divide one enhe by ibe other, the qaotient is still 373. 
These quotieutt! would oliange if we took other planets for examples, but they would 
still he equal ia each other, and it is this equality which forms the subject of 
Sepler'a iliird law, 

• If the body in question be sustained by a spring, the constant teuison of this 
spring also atforda evident proof of the constancy of Uie force of gravity. 
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tte Earth is sensibly splierical, tlie verticals of the various places all tend 
towards the interior of the sphere, very nearly to the actual centre itself. 

We owe to Galileo the stndy of the laws of gravity ; those which come 
into jilay in the fall of bodies on the surface of our globe. Since the time 
of this great man, it has been discovered that gravity is a force inherent to 
the matter even of which the terrestrial gbbe is composed ; it is kiio™i, 
that the energy with which it is exerdsed depends on the distance of the 
body wliich is influenced, so that the energy increases when the distance 
diminishes, and decreases, on the contrary, when the distance aiigmente. 

For examplsi the flattening of the two poles of the terrestrial globe, or, 
what amounts to the same thing, the swelling of the spheroid towards the 
equatorial regions, causes the distance from the surface to the centre of the 
globe to increase continually as the equator is approached. It should 
tlierefore follow, that the attraction of the Earth on heavy bodies is exer- 
cised with much greakr intensity at the poles than at the equator. Tliis 
fact is abundantly proved by obsei-vation. 

The law which regulates this diminution of the force of gravity, when 
the distance of the heavy body from the centre of the Earth increases, is as 

To understand the law well 1 1 its 3imj.li itv let us imagine a hei y 
body placed on the urface of the Eaith and consequently distant fiom 
the centre of the length of the Earth a r idius oi m round numbers 4 C 
miles. Let us place it twice three times four times ten timea fur 

ther away. The act on of gravity m this body will be f ui times less at 
80CO miles — that is to saj at the second position nine times less at the 
following position sixteen times a hundred times less at the cor^e 

cutive distances in such a minnei that when the distances increase 
following the numbere 1 2 S 4 5 10 ic the force of gra^ ity 

diminishes in the proioition of the squares of these same rumhers or 
becomes 1, 4, 9 16 2t> 100 times less and so on 

The force ol gra\ity is measured Ivthe s] ace fallen thiough dniing 
the first second of the body s fall So that li expenment shows that a 
body requires a second to faU from a heij,ht of sixteen feet to the s iiface of 
the Earth, when it ii removed to a distance double that of the terrestiial 
radius, it will not travel more than four feet during the first second of its 
fall ; at a distance sixty times as great as the radius of the Earth, it would 
not fafl more than the -^'^th part of an inch. 

This number gives precisely the meifure of the diminution of the 
energy of terrestrial gravity on a hea\ \ bodi situate in sj-ace at the mean 
distance of the Sloon. 

If, then, the Eai-th exercises its icti i on Icdies situitei at whatever 
distances in space, it ought to act on the Moon and ts action should be 
precisely equal to that which we have jnet calc lated "^uch is the ques- 
tion which the genius of Newton put to 1 m and v^h ch he solved, when 
he showed that the Moon, in moving in ts c c lir rb falls towards our 
Earth that very quantity in a second. It th n a it fall, combined 
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with the centrifugal movement, which, if left to itself, would impel the 
Moon into space, which produces the elliptical movement of our sateUlte 
in her orbit 

Such is the bold generaHsation which served aa a point of departure to 
the great geometer whom we have just named. 

He went further ; he penetrated more profouadly into the secrets of the 
eublime mechanics which rule the celestial Iwdies. He extended to all the 
bodies of our solar system this law, which is sometimes called ' the law of 
attraction,' but more correctly, ' the law of gravitation.' 

Newton showed, that if the planets move round the Sun, describing 
elliptical curves, according to the laws the discovery of which is due to 
Kepler, it is because that they are submitted to a constant force, located, 
as it were, in the Sun, — a force the direction of which is that of a radius 
vector, or a right line which joins the planet and the common focus. He 
showed, also, that aU the circumstances of the movements of the planets are 
well explained by suppo'^ing that the fun e of gravitation is gravity itself, 
exercised by the Sun ou the planets iu the inverse ratio of the squares of 
their distances. 

Thus, the same force, which precipitatea on to the surface of the Earth 
bodies abandoned to themselves, is that which maintains the Moon in its 
orbit. It is a force of similar nature, exercised by the preponderant body 
of the system — the Sun — which also maintains the planets and the comets 
in their elliptical orbits, and prevents them from losing themselves in spaoe, 
following the impulse with wHch they are animated, aud th\is breaking up 

By wtatseries of reasoning, ideas, calculation, and verifications, Newton 
arrived at this great discovery, we caanot in this place narrate. Never- 
theless, it is as well to know, that Kepler's second law relative to the 
equality of the areas formed the start-point for his demonstration of the 
tendency of the unknown force to act towards the Sun ; as he found that it 
necessarily acted in the direction of a radius vector. 

The third law of Kepler, combined with the second, led Newton to 
another inference, namely, that the force varies in the inverse ratio of the 
distances, Lastiy, he showed that the elliptical form of the planetary orbits 
follows from the very law of the variation of the force in question. The 
nature of the substances, of which the various planets are composed, la 
quite independent of the mode of action of gravity, so that the raasa of the 
Sutt would act with an equal energy on an unit of the mass of all the planets, 
if they were all placed at the same distance from the common centre. 

But as, by virtue of an universal principle of mechanics, every action of 
one material body on another necessarily supposes a reaction, that is to say, 
an action equal and in a contrary direction, it follows, that if the Earth 
and the other bodies of the solar system gravitate towards the Sun, the Snn. 
also gravitates towards each of them. The same laws rule in each secondary 
world, composed of a central planet and its satellite. 

Modem investi^'ations in the field of sidereal astronomy have extended 
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tlieae laws to tlie syBtams composed of two or many suns, and tlie force 
thus shown to he diffiised HYerywhere in space, has taken the legitimate 
name oi universal gravitation ; ' allthe moleeulea of mattes gravitate towards 
each other ia the ratio of their masses, and reciprocally as the sqnares of 
their mutual distances.' 

We will here terminate these considerations — which will be considered 
ahstract ones perhaps, but which it is impossible to pass by in silence in an 
astronomical work — with a word on one of the truths of that science which 
is 80 daring, not to say venturesome, in its attacks upon nature. We refer 
to the statistics given in astronomical treatises on the mass or weight of the 
different celestial bodies. Is it possible to know the weight of a stai- — of 
the Sun, for instance ? 

We must first well understand what that means. This ia not a question 
of minute quantities ; and ifwe have expressed in billions of tons the weight 
of the Sun, it has been for the purpose of placing in relief the immensity of 
the Suu's mass, or that of the other menibers of the system. 

Astronomers take an unit of mass or of weight in connexion with the 
quantities which they would measure. They take for the purpose of com- 
parison, either the mass of the Sun or the mass of our globe. 80 that the 
question is in some measure transformed into another ; — 

How many times is the mass of the Sua greater than the mass of the 
Earth ? 

If it were possible to place our globe and the Sun successively in presence 
of the same body, and then to measure the force with which each of the two 
bodies would act on the third at the same distance, the problem would be 
solved. For example, we should determine the space travelled by the body 
in a second of time towards the Earth, then the space travelled in the same 
time by the body towards the Sun. These two distances, expressed in num- 
bers by means of the same unit, would evidently give th,e ratio of the masses 
of the Sun and of the Earth respectively. 

Well, at the surface of our globe, experiment tells us that aheavy body 
traverses during the first second of its fall sixteen feet;* and as, according 
to Newton's theory, the attraction of a sphere acts on external bodies as if the 
entire mass of the sphere were concentrated at its centre, we can and must 
consider the heavy body falling on the surface of the terrestrial globe, as 
situated at a distance from the centre of attraction equal to the radius of 
the Earth. Let us bear this in mind. 

The mass of the Earth, then, acting on a body situated at a distance of 
4000 miles, causes it to fall 16 feet in one second. On the other hand, the 
Earth itself gravitates towards the Sun ; the orbit which it thus describes 
in a year shows how much it falls towards the Sun during the first second 

* [Thia, of course, varies at different distimcea from the equator, for a reason 
ne liave already stated. The distance ie more coiTectI)' as follows — 
16 feet (l\ inches at the equator. 
IH „ 1 „ at London. 
16 „ 1| „ at Spitz bei^ en.] 
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of fall. The distance is found to ha -OOOfl feet. But we must bring this 
measure of the attractive energy of tlie Sun to what it would be at a dis- 
tance from its centre equal to 4000 milea, or to the terrestrial radins, a 
distance 23,984 times smaller than the Sun's actuaJ distance. 

The law by which llJewton found that the intensity of grSYitation varies, 
indicates that the preceding number must he multiplied by the square of 
23,984. Effecting this operation, the second result is an-ived at : 

The mass of the Siui, acting on a body situated at a distance of 4000 
miles from its centre, causes it to travel, in the first second, 5,708,763 feet, 
or 1075 milea. 

We can now compare the mass of the Sun with that of the Earth, 
since we know the actions of these two masses, on a body situated at the 
same distance from their centres ; and it is clear, that the mass of the Sun 
IB by BO much greater than that of the Earth, as the number 6,708,7t!3 is 
greater than 16. Dividing, we find ui round numbers 355,000. 

We must have, then, 365,000 globes of the same weight as ours to 
balance the Sun. 

To solve tliis problem, it has been necessary to Imow the velocity of fall 
of a heavy body on to the planet Tliis element is directly observable on 
the surface of the Earth. In planets which have satelhtes, this velocity is 
deduced from the movements of these secondary bodies in their orbits. In 
the case of the planets without satellites, it is not possible to calculate in 
this manner the force of gravity on them. But by studjing the influence 
of their masses on the other planets, and the perturbations which they cause 
in their movements, we have arrived at data equally precise in the case of 
all the masses of the bodies of the solai- world, compared either to the mass 
of the Sun, or to that of our globe. 



III. 

Pi-eMssion of the ■EquinQxes — Kutation — rianetary Pertm-liaLion. 

The rotation of the Earth on its axis produces day ; its translation round 
the Sun gives the year. But, in the same manner as we have diatinguiahe<l 
two hinds of day, the one sidereal, the invariable duration of which is due 
to the movement of rotation, the other solar, which varies in length in the 
course of a terrestriaJ revolution, in the same manner also astronomers 
distinguish two years — the tropical and the sidereal. 

If we consider the time which elapses between two successive passages 
of the centre of the Earth to the same equinox, the spring equinox, for ex- 
ample, we have what is called the ti-oplcal year, the length of which. 
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lean days, is 365-242264 days. If, instead of thus defining 
the year, we take the time wtich the Earth requires to return to the point 
of its orbit, in which the Sim appears to coincide with the same point of 
the heavens — with the same star — we have the sidereal year, the duration 
of which, expressed in mean days is 366'2563835 days. The sidereal year 
exceeds, then, the tropical year by ahout 20 minutes 20 seconds. 

Whence comra this diffei'ence, and how can we explain it by the move- 
ment of the Earth in ita orbit? Let us remember that the equinox occurs 
when the plane of the terrestrial equator passes precisely through the centre 
of the Sun. If this plane remained invariably parallel to itself, its line of 
intersection witli the plane of the ecliptic would keep likewise the same 
parnHeliem ; and it would be always at the same point of the orbit of the 
Earth that the successive equinoxes would take place. There would not he, 
then, any differences between the length of the tropical and sidereal year. 
The length of the latter being the greater, shows that the eqninoxial point 
has fallen back,' so that the Earth arrnes eiiJiet at thi'' point thin it Honld 
have done if it had remained immovalle Hence the name the j» etesdon 
of. the eqwinoxei given to this phenomenon 

What follows from this fact? That when the Earth occupies the same 
positions ia its orbit year by year the Snn cirresponds with stars more 
and more to the east, so that, little by little and progreasivelj the ispect 
of the constellations seen at the same seasons is chinked 

Let us analyse atjll more the phenomenon m question To ■jay that the 
eqnlnox falls hack or retrogrades is the 'iamo as siymg thit the pi me of 
the equator has varied in position and as the ixis of the Earth is always 
perpendicular to this plane, it follows that this axis has not lemained 
rigorously parallel to itself. We know indeed that it ^alles m direction, 
still, however, preserving the same angle uuth the ecliptic in such a way 
as to describe an entire cone in an interval of about 25,870 years ; so that 
at the end of this period, the equinox, having accomplished an entire revo- 
lution on the terrestrial orbit, returns to occupy its initial position. 

The terrestrial axis, in executing this slow movement ou the surface of 
the starry vault, describes a complete circle. The celestial poles, therefore, 
are incessantly variable, so that the fixity which we ascribed to them in 
onr description of the heavens is quite relative. In fact, the northern pole, 
now quite near the Pole Star, is still approaching it. This diminution 
of angular distance will continue until the year 2120, when they will not 
he more than half a degree apart. This epoch passed, the pole will recede 
from Polaris, will pass from the Little Bear to Cepheus, then over the 
borders of the Swan. In 12,000 years, the bright star nearest to the north 
pole will be Vega in Lyra, which will then play the part of Pole Star ; 
Canopus, in the southern sl:y, will be equally found in the vicinity of the 
other pole. 

The phenomenon of the precession of the equinoxes, discovered two 
thousand years ago by Hipparchus, has during the last centurj- been ascribed 
to its true cause, of which we will speak a word further on. 
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Let us now mention another movement of tho axis of tlie Efivth., executed 
Bimultaneoiialy niih thatwhich we have just desciibed. Its period ia much 
shorter, since it is only 18| yeai-s. 

The conical movement of tlie axis of the Earth, whicli produces the 
precessioa of the equinoxes, and which ia effected in about 26,000 yeare, 
changes progressively the direcfioii of this axis, without, however, modifying 
its inchualion to the plane of the ecliptic la truth, however, this move- 
ment does vary by reason of another movement, which cauees the axis to 
oscillate during each period of 18| years around the mean position it woidd 
occupy, were it influenced only by the movement of precession. The name 
of nutation has been given to this oscillation — this ' nodding ' of the axis 
of our globe, which gives rises to slight changes, sometimes greater, some- 
times less, in the obliquity of the ecliptic* 

Ali these movements, both those of rotation and translation round the 
Snn, and tliose of nutation and precession, are effected simultaneously by 
the Earth. The motion of our globe has often been compared, and with 
justice, to that of a top which, while turning on itself vrith great rapidity, 
and tracing on the surface which supports it a hue which may he likened 
to its orbit, undergoes also a balancing of its axis of figure or rotation, 
analogous to the oscillation of the Earth. There ia this difference, that the 
various movements of the Earth are accomplished with mathematical 
regularity, in periods relatively very long, and according to laws which 
allow us each instant to assign its true position in space. 

Having described the phenomena, let us indicate briefly how they are 
connected with the great law of the Solar System — with universal gravi- 
tation. If the Earth were rigorously spherical, the direction of its axis 
of rotation would remain always the same, and would preserve indefinitely 
the parallelism of which we have before spoken. The action of gravity of 
the other celestial bodies wonld cot change this direction, if we siippose, 
as observation shows, that the terrestrial poles occupy an invarinble posi- 
tion on the globe. But it is known that the Earth is not a sphere, it is 
swollen at the Equator ; it is like a perfect sphere, covered with padding, 
the thickness of which decreases from the equator to the poles, giving rise to a 
section resembling an ellipse. At the polea the thickuess of the pad ia nil. 
Now, it has been proved that the action of the mass of tiie Sun on 
this "padding" is the cause of the continuous reti'ogi'ade movement of 
the equinoxial points, which produces a corresponding advance of the 
successive equinoxes. In the same manner, the action of tiie mass of the 
Moon on the same padding produces an analogous, but much moi-e rapid 
action ; that of the nutation of the Earth. ^ 

This ia still another kind of influence which affects the movement of 

* The masimum of ttese changes does not reach 10" of arc. 

f We ha¥6 alceadj aeeu, that an astronomer of Alexandria, Hipparehiie, first 
discovered the pcecessioo of the equinoxes. It is to Bradley (1647), that the dis- 
eoverj of nntation is due. Lestly, the glory of binding firmly these two phenomena 
to the Newtonian theory of gravkation was reserved for D'Alembert. Laplace has 
siniie perfected this beautiful hypothesis. 
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tlie Earth, aiid wliich is also a consequence of tlie law of gravitation, 
Thia proceeds from tke combined actions of the masses of the other planets 
on the mass of our glohe. As the aotions of which we epeak are reci- 
procal, what we say of the Earth in this matter is applicable to any other 
planet ; but to dwell on such abstract and complex considerations as these 
would be to go teyoKd the purpose of this work. We will, therefore, 
confine ouraelves to pointing out its extreme importance. 

Kepler's laws, whicli we have announced and explained, and from 
which Newton deduced the law of gravitation, are only rigorously true 
when we consider a single planet and the Sun. But as the masses of the 
other planets also act on this planet, each following the general law, there 
follows a series of modifications which periodically alter its movement. 
The inclination, the direction of the major axis, the eccentricity of the 
orbit, are elements which especially vary, in a manner changing at once 
the position and form of the orbit of the planet. These alterations which, 
very far from contradicting the law of gravitation, most brilliantly eonfinn 
it, are known in astronomy under the name of " planetary perturbations." 
We have referred to their great importance, not only because they enable 
us to calculate with precision the future position of the celestial bodies of 
our system, but, again, because they will serve — and the discovery of 
Neptune is a proof of our remark — to complete the knowledge which we 
possess of the Solar System. 

In our next chapter we shall discuss the action of the combined forces 
of the Sun and Moon on the liquid part of the surface of the teiTestrial 
globe, and we shall see manifested, in a manner visible to all, and in 
extremely short periods, the forces, the perturbations, to which we have 
referred. 



TI. 



Phenomena of the Ebb and Flow, High andLow-water— Epochs of Spriog-tidee — 
Coincidence of tlie Phenomena with the Positions of the Moon and Son— Theory 
of the Tides deduced from ttie Law of Gravitation — Combined Actions of the 
Sun and Moon. 

If we were to compare the sea to an immense being which lives, moves, 
and breathes, it is in the tempest we should see its auger, and in calms its 
sleeping houra, whilst the periodical movements of the tides would typify 
its regular and constant respiration. But these are poetical fancies on 
which we do not care to insist. These great phenomena of nature offer 
an interest so real that they require no more embellishment. The ti-ue 
explanation of the tides, moreover, the connection of the causes which pro- 
duce them with the great theory of universal gravitation, are quite recent 



Hosted by 



Google 



conquests of science. It is scarcely a century since tliey were flret sub- 
mitted to caloulation, Tiiey still offer, therefore, to many tlie attraction 
of aovelty. 

Every one knows tliat twice a-day, nt an interval of about 12 hours 
and 25 raimites, the shores of the ocean present us with the spectacle of 
the flow of tho tide ; the tide by degrees rises, gainings on the beach, 
which it covers to a greater and greater height, and after six hours swell- 
ing attains its maxinmm. It is a beautiful sight to see the agitated 
waves, which eome wzth increasing fury, to beat the pebbles and the foot 
of the rocky shore, throwing their salt spray high into the air. 

Scarcely is the instant of high-water or flood-tide attained, than the 
flow or rise of the water ceases ;' the descent commences, and the ebb snc- 
ceeds to the flow. The sea then leaves the beach which it covered, and 
by degrees ra-descends to its point of departure ; we have then, low-water or 
ebb-tide. Then begins another rising tide, followed by an ebb, and so on. 
It must be understood, that tbe instant of low water ia not at (he 
mid-interval which separates two consecutive fiood-tides, the flow being 
of much shorter length than the ebb, or, in other words, the sea tabes 
longer to go down than to rise. This difference varies according to the 
ports ; thue, it is 16 minutes only at Brest, and at Havre, 2 hours and 
16 minutes. Such, in the main, ia the phenomenon of the tides. 

If we were confined to the observations of this periodicity of the move- 
ments of the sea, science would not have penetrated very profoundly into 
the mystery of their causes ; it could not predict, as it now does correctly, 
the height of the tides at the different ports, and the precise times of high 
water, and thus afford valuable information to navigators. 

Before commencing our explanation of the causes, we will conform 
ourselves to the natural course of science, and look more closely into 
the facta. 

Between two consecutive flood-tides we have, as we have stated, 12 
hours and 25 minutes. It follows, therefore, that from one day to another, 
high-water is 50 mimitee behind. Thus the daily period of the pheno- 
menon is exactly equal to the lunar day, the length of which is also 24 
hours and 50 minutes, on the average. In other words, the successive 
retardations of high-water are pi-esonted by the successive transits of the 
Moon over the meridian. If, then, we note the hour of high water in a 
port, it will be easy to predict the hour for another day. Bailors, profiting 
by this fact, make their arrangements accordingly, as they require to enter 
or leave the port on that day. 

Let ue also notice this : 50 minutes of retardation in one day produce 
in about 14 days and three-quavtera a total retardation of 12 hours ; and 
a i-etardation of 24 hours, or one day, in 29 days and a half; that is to 
say, in the period of a lunation. The hours of the tides are, tlierefore, the 
same every 15 days, with this difference, that the morning tide becomes 
the evening one, and reciprocally. At the end of a lunar month the hour 
becomes identically the same. 



Hosted by 



Google 



The facts wbicK we have alrendy stated deal only with the timea of 
high-water and their variationa. Let m now occupy ourselves with the 
height of the tide. 

This height is itself very variable for the same sea aad the same povt ; 
but here again, is presented a remarkable periodicity, which shows that 
the phenomenon is connected with the relative positions of the Sun, Moon, 
and Earth. 

Near the new and the full moon the flood-tide attains its maximum, 
whilat the correspondiag Jow-water descends to its lowest point. These 
are the sprmg-tides. or the ' tides of the ayxygka.' Their height, then, 
decreasea more and more, to the time of the first and last quarter of the 
Moon. We have, then, the neap-tidesy . 01 tides of the ^uadraivrei. 
Then starting ft-om tliese two periods, the height of the tide agdn increases till 
the next syaygies, that is, nnfil the Moon is again in conjunction or opposition . 
But the highest, like the lowest tide, does not really fall on the same 
day as the lunar phase; in every part of the ocean, there is a difference of 
36 hours, or a day and a half. It is, then, the third tide which follows 
the full and the new moon, which is the highest ; the lowest tide, which 
follows the qnadratures, is also tlie tliird. 

These remarkable coincidences hetween the times, the periods of high- 
water, and the positions of the Moon and Sun with respect to the Earth, 
have given rise for some time to the supposition that the cause of 
the phenomenon resides ia these two bodies. ' Cauea,' says Pliny, ' in 
Sole Luiidque.' Butofwhat nature is their influence? This is a problem 
which it has been given to modern science to solve, Descartes first dared 
to draw the veil and sound the mystery ; and if this great philosopher did 
not ancceed in his attempt, it was on account of his preconceived ideas on 
the system of the world. The honour still remains to him of having dared. 
But let ns pursue the study of facta. 

The height of the tides again varies with the declinations of the Moon 
and Sun, it is by so much greater as the two bodies are nearer the 
equator. Twice a-year, towards the 2l8t of March and the 22ud of 
September, the Sun is actually in the equator. If, at the same time, the 
Moon is near the same plane, the tides which oeenr then are the highest uf 
all. These are the epiinoxial spring-tides, betauee the Earth is then at 
the spring, or autumnal eqninox. 

On the other hand, the smaUest tides take place towar>Is the solstices; 
if the Moon attains its smallest or- its greatest meridional height at the 
same time as the Sun. 

Lastly, the distances of the Moon and Sun from the Earth have also 
their influence on the height of the tides. Other things being equal, the 
hdght of the tide ia by so much greater as the two bodies are nearer the 
Earth. Thus, the tides of the winter solstice are higher than those of the 
summer one. 

Such are the general circnmstancea whiih rhaiacterise the periodicsl 
movements of the sea. But it must not be fuigotten, that thf\ .ue nut 
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the only onea ; the force and direction of the winds, the configuration and 
direction of the coaats, the depth and extent of the seaa, — circumstances 
which depend upon position and time — ore so many multiplied influences 
which singularly complicate the tides. Thus, every one is aware that 
isolated seas, like the Caspian, or those of small extent, and communicating 
with the ocean hy narrow straits, Mke the Blaelt and Mediterranean Seas, 
have hut imperceptible tides.* The opposite coasts of the Atlantic, which 
face each other, west and east, have very unequal tides. It is the same 
with the eastern coasts of Asia, which have strong tides, whilst at the 
other side of the Pacific, and in the Oceanic Archipelago, the flow, which 
is very regular, attains hut little height. 

But speaking only of the European ports, the intensity of the 
phenomena is extremely variable, even in neighbouring places. Let na 
take an example ; according to the calculations of the tides for the year 
1864,f the highest tide was that which followed a day and a half after the 
full moon of the 16th of September, a httle before the autumnal equinox ; 
it occurred on the 17th. 

The calculated height of this tide was at Brest, 1 2 feet ; at Granville, 
23J ; 10^ feet at Cherboui^ ; 14 feet at Havre. These numbers, very 
difi'erent for the neighbouring ports, show only the height above the mean 
level of the sea, that is, the level the water would take if there were no 
tides. Tliey must he doubled, if we wish to have the iwght of the flood- 
tide, above the level of low-water, for the same day. Thus, at the ports 
of Granville and St. Malo the waters rose on the date mentioned to a totaV 
height of about iS feet. If the wind favours such a tide as this, and 
increases its violence and its height, great disasters may be feared. 

Thei-e is a vast difference between the tides of the western coaat. of 
Europe and those of the isles of the Southern Sea, which scarcely rise to a 
height of 20 inches. But there are some still more terrible ; and amongst 
them we will content ourselves with quoting those of the Bay of Fundy in 
New Caledonia, which rise, it is said, to a height of nearly 100 feet. 

The cause of these differences in height is greatly owing to local 
circumstances. Thus, the ports of the Channel are subject to atrong tides, 
because the moment of the waters meets with an obstacle in the narrowing 
of the coasts, and the further the gulf is penetrated, the higher is the tide. 

The tide is felt in great rivers, to a distance depending upon their size 
and depth. At the moment of high-water, the waters of the river flow 
back, re-ascending their course, but the transmission of this river-tide is 
progressively retarded. 

Hence follow the curious phenomena, known in Franca under the 
namea of fmaecaret and ba/rre [such as the ' bore ' in the river Severn.] 

We will now speak of the causes of the tide. 

"■ According to the obaervalions of the ahle and regretted Q. Aim^, who studied 
the undulation of tlie tides at Algiers during two years, the heigbt of the luni-solar 
liJfi in that port is nearij 3i iaches on the day of syzygies. 

t t>)' MM. Laugier and Mathieu, Anniiiare dii Bunati des Limgitudns. 
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It is tile combined actions of the Moon and Sun on tlie licLnid mass 
with which our globe is three-qnartera surrounded, which produce the 
alternate movements of tlie ebb and flow. 

We have seen, that if two bodiee, auch ae the Earth and the Moon, are 
present, the molecules of both have a mutual tendency, known under the 
name of ' gravitation,' the intensity of which varies directly as the masses, 
and inversely as the 8f[uave of the distance. Let us now see how tins 
action is exercised hy the Moon on the liquid molecnies of a sea. 

The Earth having the form of a spheroid, the hquid stratum which 
covers it would have a form exactly similar, and continually the same — 
except accidental variations due to meteorological causes — if the Moon 
and Sun did not exist. 

Let us consider the Moon at a given moment. Let us connect its 
centre with the centre of the Earth hy an ideal line ; this line will meet the 




Fig. ITS.— Attt 



surface of the globe in two points diametrically opposite The oup neaiest 
the Moon will be the place on the Earth at which the Moon is m the 
zenith. The opposite point will have the Moon at tlenahr evei\ place 
of the Earth which has the same latitude as the fir t will see the Moon 
on the meridian at that instant. 

The attraction of the Moon on the nearest liquid m leculei paitly 
eouutevbalancea the attiaction of the Earth it lessens their gravity m the 
vertical direction The molecules which tlieii fluidilv and in lependence 
separate from the surface to the sohd part of the Eaith nse hy virtue of 
that attraction. The samp thing happeni but m a less degiee mth the 
neighbouring molecules m the hemisphere turned to« ar Is the Moon the 
attraction being thghtei aa the'fe molecules aie situated f irthei fi m the 
point which lies at ijie tuiamit if thehemispheie turned towaids the Moon 
Hence it fcllo\ thit the liqud liLPt with \\1 Ji tl heii^htti 



Hosted by 



Google 




instead of keeping its 
exiict proportion — the 

. the top, low water at every place 
I the Earth had no movement of 

iiid the waters would, thus remain 
ill eqhilibrinm, or at least would 
follow the movement of revolu- 
tion of the Moon; -the -tides 
would have no other periods 
than the lunation. Biit the 
Earth in its rotation presents 
all its surface to ■the Moon, so 
that the wave follows the parallel 
which, corresponds to the posi- 
tion of our satellite. 

So far we have explained 
the high and low tide for the 
hemisphere turned towards the 
Moon ; hut how is it that the 
waters are also swelled np at 
the same instant on the opposite 



This is easily accounted for. 
The lunar attraction makes 
itself felt on all the molecnles 
which compose the earth and 
sea ; hut its energy ie much 
more slight, as these molecules 
are more distant If this action 
were exercised on every point 
with equai intensity, there would 
fillow a total displacement to- 
wards the Moon, but no change 
of fono. The inequality of 
attraction causes the most dia- 
tjnt molecules to remdn he- 
liind ; their gravity towards 
the Earth is diminished, and all 
the liquid strata on the hemi- 
sphere opposite the Moon take 
precisely the same form as 
F'g 178 —Cnrabiiied action of tiieMouii and tiieSuii ou those that are in froint. [In a 

the wttlEK ot the sea. Luiu^SDar ti e g eayajKies. ^^^^^ ^^ ^^^ gj^jg^ ^^g water Is 

pulled from the Earth, on the other the Earth is pulled from the water,} 
This problem, when submitted to mathematical analysis, indicates for 

the general form of the sui'face of the ocean, that of an ellipsoid, swollen 
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ill the direction of the diameter of tlie Eai'tli, nhich wien yi jlongod passes 
thi'ougli the Moon at every instant. 

There is then high-water whenever the Mooa transits either the npjier 
or lower meridian, that is fn say, every 12 hours and 25 minutes, and 
luw-water every time that it is at the horizon of a place , that is to say, 
at periods of e jual doration. 

But It is not the Moon alone which acts, there is also a tide produced 
by the attiaction ot the Sun. The enormous bulk of that body would 
produce imnipuse mj\eiiiencB of the waters, if its distance, ■'""'■ '"ii'li'o'l 
times gieatei than that of the Moon, did not counterbalance 




ttdea of the quadrat 



force due to it? mass The solai tides although mneh smalier than the 
lunar ones, sometimes increase them, at others netifralise them. 

They increase them when the two be dies are on the same line ^vith the 
Earth, which occur'; at the sja^gies — at new and full moon (fig. 179). 
The actions ot the two 1 odiea neutralise each other, when the Moon is at 
a right angle to the hun, and m that case the resulting tide is a mini- 
mum (fig. 18iJ) 

Calculation shows that the luni solar action is much more intense 
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when the bodies are nearer'tlie equator ; hence, the great equinosinl tides. 

Lastly, the actiua varies in the inverse ratio of the cubes of tlieir distance, 

it is, therefore, clear that the tides are higher when the Moon and Sun are 

nearer the Earth. 

Such in the mdn is the princifile of the theory of the tides. These 
daily ancl irresistible movements are subjected to immutable laws ; they 
o,Te. by reason of the density of the water of the sea, — a ilenaity inferior to 
that of the solid nucleus which that water covers — confined withia narrow 
Mmita. Natural laws suffice to ' put a curb on the fury of the waves.' 

[It must be noted, however, that, although the statical equilibrium of 
a tidal wave is thus acconnted for, the dyDamical conditions of the pro- 
blem cannot thus be explained. On the contrary, if we consider only the 
dynamical relations we shall iind that the place of low water should be 
under the Moon and at the oppOMte part of the Earth, the place of high 
water, between these regions. Mewton, Laplace, Airy, and others, agree 
in this view. The theory of the tides remdns yet to be estabhshed satis- 
factorily. Much that baa been presented in popidar treatises as a part of 
that theory, is in reality but an account of the results of observation.^ 
R. A. P.] 



V. 

ORIGIN AND FOEMATION OF THE SOLAR SYSTEM". 

Lapldoe's Hypothesis of the Origin and Formatioii of the Snln.i' Sjslera— Primitive 
Nebula— Luminous Nucleus — Formation of Planets and Satellites — Birection 
of the Movements of Eotatioi) and Kevolntion. 

The human mind seems so organised that it attaches itself with more 
obstinacy and perseverance to the pursuit of those questions which it is 
impossible to solve than to those which are more accessible. At the risk 
of a kind of intellectual vertigo, it ioves to lean over the cliffs of those 
abysses of thought, at the bottom of which lie in confusion the solutions 
of so many grave problems, the origin and the end of all things, the 
essence of (be first cause, and many other questions which are rather in 
the domain of metaphysics than of science. 

This tendency towards the abstract is, so to speak, irresistible. It is 
not sufficient for us to fathom, with the telescope, the depths of iufinife 
space, where the eye sees succeeding each other without end suns and 
clusters of suns ; we still wish to know if this progression has an end, a 
limit. We cannot believe in nothing, and our mind ia lost in the eon- 
ttinplafiiin of an indefinite chain of being. 

By a Kite curiosity, we attempt to remount the course of time, and to 
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picture to ourselves tlie fii'st origin of things. We almoBt know what is 
the actnal state of the TJnivetse. The discovery of the meat general laws 
anthovises ns to predict the future state of the celestial bodiea, at least iu 
out system. We, therefore, try to know what it is which has given them, 
birth, and, lacking the positive knowledge, which it is so difficult to 
acquire in such matters, we attach ourselves to the traditions which have 
heen in vogue from the first ages of humanity. 

Will there ever he any certain notions on this suhject? We know 
not. But we shall not be sorry to know what are actually the most 
probable conjectures deduced from those sciences which deserve in the 
highest degree to be called ^osfe'we. 

Geology teaches us that the Earth, at its origin, existed in a fluid 
state. Formed from an immense agglomeration of gaseous matter, en- 
dowed with an excessive temperature, condensed at its centre, it has 
slowly cooled, then formed a liquid shell enveloped with a high and thick 
atmosphere. Then, in consequence of the gradual loss of heat, the super- 
ficial strata by degrees solidified, until a certain state of general equilibrium 
has given it the dimensions and form which it now possesses. 

Among the many witnesses, which testify to this ancient history of 
the Earth, there are two which stilt remain, and which we can now 
question. These are, on the one hand, the increasing temperature of the 
strata as we descend, which compels us to consider the interior nucleus of 
the Earth as being still in an incandescent state ; volcanic eruptions ai'e 
an additional proof in support of this hypothesis. On the other hand, in 
the form of the terrestrial globe, in its flattening in the directioa of its 
axis of rotation, and the swelling out of the equatorial portion, lies the 
mechanical proof of the fluid primitive state. 

Such are the most certain data which we possess on the ancient history 
of the Earth, the different evolutions of which can be followed. It is not 
eas\ however to assign ceitain epochs to the vanaus phases of this 
development hut m su h a case probabilities suffice and all agree in 
^ning t our [laiet an age the antiquitv of which is c unfed 1> some 
1 u d -ed f thousand'' of vears 

I th Earth then the onh jlanet of the b lar System to whidi we 
mu t a gn inch an origin ? Heie jiecise data fail us ard it is to 
a al J that we must appeal tor an answer. We have said that facts 
a wa t ng We mistake ; there is one which is of great weight ; it is 
th fa t fa common flattening, which is certain in Mars, Jupiter, and 
8atu n and which the difficulty of measurement only has prevented hb 
f n 1 g in the other planets of the Solar System. It is then ex- 

t n Ij p 1 able that at the origin the whole Solar System was formed 
f n an agglomeration of matter in a gaseous state, which by degrees was 
t a £ n d mto distinct bodies, under the influence of a cooling going on 
dann th ands of centuries. We thus arrive at the hypothesis forain- 
1 ted bj n of the greatest sons of modern science, Laplace, who has thus 
atf mpt d t account for most of the phenomena of planetary astronomy. 



Hosted by 



Google 



ards this theory of the ovigin of tlie 



"We shall try to describe in a few ' 
hodies which compose our aysteia. 

If we go hack in thought to an epoch distant from our own by a 
coneiderahle series of centuries, the whole Solar System, or, mora exactly, 
all the matter which now forms the different groups, existed in a purely 
gaseoua state, or, as it may be put, under the form of an immense Nehnta, 
extraordinarily diffused, presenting no indication of condensation. In 
such a condition, the molecules of the nehuloaity were so distant one from 
the other, that the repulsive force with which they aie endowed entirely 
annulled the attractive force by virtue of which gravitating one round 
the other, they would tend to form groups. But centuries elapsed; the 
nebulosity hydgeescollb^ce tdti tpceth t 
of- the repula f d m h 1 1 th t f ttr t was d 
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These are the zones whioh have given birth to the planets, or to the 
groups of planets and asteroids. 

For it to have h«en otherwise, for the zi 
nebulosity to have kept the form of rings concentric with the Sun, there 
must have been a perfect equilibrium eontinning to exist between the dif- 
ferent molecules composing theae rings. But, aocovdiag to Laplace's 
expression, the chances were greatly gainst this. The rings divided, 
and the most considerable dehrii, attaching and incorporating the rest, 



is which have given birth to the planets, 
!S detached from i 
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lites, and why tiese secondary bodies present tlLS same side to the planet 
round wMch they gravitate ; it is that their small distances giving to the 
attraction of their primary a preponderating influence, tie satellites them- 
eelvea, when still in a fluid state, were swollen up tide-like, towards the 
planet ; and from theii' rotdtory movement followed a time of rotation 
nearly identical with that of their movement of revolution. After a cer- 
tain niimher of revolutions, these periods become rigorously ecinai. 

Such is, in a few words, the magnificent theory which Laplace has 
presented to the scientific world, with a reserve which testifies to the pro- 
foimd respect which this great genius accorded to the tinths demon^tiated 
■with all the rigour of science. It must l)e acknowledged that it is in 
perfect accord with the laws of general mechanics, and with the facts of 
both astronomical and physical observation. Without extending the snl 
jsct further, it is impoesible not to be struck with the ac;reement which 
the system of Saturn presents with the conception of the ilUstnoub 
geometer ; Laplace insists mth reason on this point 

'The regular distribution of the mass of Saturn s imgs around its 
centre, and in the plane of its equator, follows naturally from this hj( o 
thesis, and without it it must rest without explanation these iings* appeii 

• Some verj* curious physical esperiments, imagined \y M Plateau account 
in the most aatiefacl"rj way for the phenomena ivMch ire have just described 
tbej- appear to ns well adapted to dissipate the obscuritj ithioh a description of 
such an abstract conception would natoi-allj leave in the minds of some of our 
readers. 

These eaperiraents oonsist essenlifllly in freeing a fluid mass fivam the action of 
gravit^v, in such a manner that allits parts may be merely acted upon bj their mutual 
attraction ; and in imparting afterwards to this mans a movement of rotation more 
and more rapid. To do this, M. Plateau places a quautity of oil in & glass vessel, 
filled ivith a mixture of water and alcohol, the lower strata of which are less dense 
than the oil, whilst Ihe upper strata are lighter. The mass of oil descends in the 
mixture as far as the stratum of the same density, where it i-eraains, taking tlia form 

In this state, the mass of oil is freed ii:om the action of gravity, and the form 
whioh it takes iS due simply to the mutual attraction of its moJecules. 

Nest, by the help of a raetallio disk introduced widi care into the sphere of oil, 
end a stem which pasaen through its eenire and communicates with a handle. Hi. 
Plateau imparls to the system a progressive movement of rotation. 

When this movement is slow, the sphere is transformed into a spheroid, swelled 
at the ecjuator, flattened at tlie poles, under the action of the centrifugal force, which 
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to me to be ever present proofs of the primitive exteiisioa of the atmo- 
sphere of Saturn, and of-its successive contraclions.' 

[The theory, however, gives no account of tie observed relations of 
planetary magnitude, inclination, axial rotation, &c. ; nor of the meteor 
systems, which are now found to traverse the Solar System in all directions, 
and with all degrees ot excentncity, inclination, and so on. The present 
writer has shown that these peculiarities, as well as all those accounted 
for by Laplace, can be explained hj the theory that the Solar System re- 
sulted from meteoric ag^iegatton rither than (directly) from the con- 
densation of a gaseous mass bee his ' Other Worlds than Ours,' c. ix. 
~E.-A. P.] 

developes the njovemeot. The phenomenon aeeounts then perfeotlj fop the fonn 
of the planets. 

If Uie movemenl beuomeij more rapid, the flattening Ijecomes more considerable ; 
llie spheroid at last heeomes indented at its poles, spreading out more and more in 
the horizontal direction, until the oil, entirelj leaving the disk, is formed into a 
cironlavring. At this moment, the phenomenon at once explains both the zones 
detsched at the origin of the solar mass, and the rings of Saturn. 

Lastly, if tlierotatoi7 movement, rendered more rapid, is continned with a disli of 
a diameter sufficiently large, the ceutrilHigal force, m driving the particles of the 
suiTomiding medium towards the ring, soon separates it into seveiid isolated masses, 
irhich form themselves into individual spheres; each of nliich preserves for a certain 
lime a movemenl of rotation of its own m the same direction as the ring. 

This last phase of the phenomenon offers a. sti-ilring analogy with that of the for. 
mation of the centres of condensation which, on Laijlnce's hypothesis, are the oiigin 
of the planets of our s^slim. 
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BOOK THE SECOND. 

METHODS AND INSTRUMENTS EMPLOYED BY 
ASTRONOMERS. 



CELESTIAL MEASUREMENTS. 

General Idea of the Prolilein by which the Distonca of Inacce'fBible Objects is f1e- 
tennined— Solution of thin problem on the Earth's surfnoe — Distance of the 
Earth from the Moon^Solur Parallas, Distance ol' clie Sun from the Earth — 
Stellar Tai'sllax, Distance of the Stars. 

We are now about to diacuas one of tliose problems, the solution of wbieli 
leaves so many doubts, and gives rise to so much incredulity in the minds 
of tikose unacquainted with mathematical seie]>fce and methods ; we refer 
to the determination of the distances which separate ua from the various 



In enunciating the problem generally, we shall put in evidence the 
essential difficiilty, the cause of the incredulity to which we have referred, 
and which we must attempt to remove. The problem is aa follows : — 

To measure by means of a convenientli/ chosen -unit the dulance of 
a visible hut inaccessible point. 

The difficulty lies ia the circumstance that the object in question is 
inacQtssihle. If we speak of measuring a line on the surface of the Earth, 
the possibility of the operation is at once recognised. Without being in 
the secret of the methods employed, — methods often very long, very 
laborious, and very delicate, — it is assimilated vaguely to direct measnre- 
meut of a small distance by means of a chain or cord ■ and no one makes 
a difficulty in admitting, errors excepted, the results of snivels ol the 
surface of our globe. 

But how can we ever know the length of the straight line which j nna 
the eye and an object situated in space, out of our leach — the Sun or 
Moon, for instance ? This is the question raised by most per'<ons ■nhen 
they hear astronomers affirm that the Moon is 240000 mdes from the 
Earth. 

We shall, therefore, show that this problem is one of no reil difficnlt\ 
the necessary operations are, theoretically, very simple and it is m the 
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396 METHODS AND IKSTRUHENTS EMPLOYED JIY AST tiOISOMEUa. 

practical carrying out of them that the real difficulty — the impossibility, 
wbeve the thing is impossible — lies. 

We ivill proceed from the known to the unknown, from tlie simple to 
the complex, and we will commence with the problem of the distance of 
an inaccessible point, situated on the Ea th s su face. We shall see that 
in the mdn the soiution of this ca e is the '9nn e as that of the moat diffi- 
cult ones, and applies equally to the determ nat o i of the distances of the 
heavenly bodies. 

We will suppose ourselves in a level field mealow \\ e see on the 
horizon the top of a tower, from wl ch e are separated hj some obstacle 







Fig. ISl.— Measure of tliadiatiinoB f m Inn-oa'B We l(iact 

such as a river. We want to know the distance of this tower fiom our 
stand-point without actually jiieasming or stepping the distance without 
in fact, crossing the water. We shall piooeed as follows — 

At C, our standing -point, we plant a stick at B m the meadoi\ we 
plant another, at a distance which must not be too small compared "ith 
the distance of the tower. We now meaiuie aecnrately ht, means of a 
Gnntev's chain, or tape, the straight line w^ich joins B and C Let it bp 
for example, 468'7 yards. 

This is the Base Line of our operations. 

Now, by means of a theodolite placed successively at and B, we 
observe the tower at each station, and the instrument will give us the 
angle formed by the visual ray with our base-line ; tliat is to say, the 
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angles at the base of the triangle ABC. Wliat do we now know, ? 
Firnt, the exai.'t leugth of the line B C, meaaured on the ground itself, 
directly; and secondly, two angles : A B; which we will suppose to he 
equal to 80° 20', and ABC equal to 75°. We shall find these data 
quite Buffleient to lay down a similar triangle on paper, on any scale that 
we may choose, in snch a manner that, by means of a properly divided 
measuie, we may read off the numher of, yarda in the side C A of the 
triangle. We shall find it 1085 yards, nearly. 

The distance sought, therefore, has been found, and the problem is 
solved. 

The precision of the result wiU depend upon two things : first, the 
degree of exactness ^of the meaeiirement of the base ; secondly, that of the 
two angl^. This double precision itself depends upon the perfection of 
the measuring instruments and. the still of the observer. Nor nmst we 
forget another important consideration. The choice of the base, both as 
to its position and length, has a great influence on the result. If it be 
too small relatively to the distance measured, the form of the triangle is 
very elongated, and a small error m the measure of either angle may 
cause a large error in the result. Iti terrestrial measarements we can, of 
coni-se, always choose nur base ; in celestial ones, on the contrary, tliis is 
not the case, and a difficulty often practically occurs in this way with 
which theDij his nothing to do 

^\pnnw wme at the api-licaticn if what wh ha\e said a id "ill I e^i i 
witli tile most Bim[le case Uiat uf the distance ot the Moon 

T«o astronomers arringe tj cbser\e in two differeut puts ot the 
globe One chooses Dantzig the othei the Tape ft Good Hope We 
will suppose the two stations for greater simphcifj situated on the same 
meiidiau so that the time is the same at both, stations at the ''aiue ab- 
solute instant 

rte} aeiee to ob«el^e the RIdou eimultaneoubly that w, on the same 
day (or night) at the same houi The=e stations \ and B {fig lb2) 
being known the diffeience ot the latitulps is known this is the angle 
A T B tuimed at the ceutie of the E^Uh bj the \eiticals of the tw i 
stations 

The'e aie the data ot the picblem ^^ hat ve haie to find is the 
length of the fbst'snce L T, oi the stiaiglit line nhich joins the eei lie of 
the Moon with the centie of the Earth, at the time the ibsei^ation is 
made 

The first obseriei h\ the aid of a special mstiument measuies the 
angle Z A L, the zenith distance ot the Moons centre The '^cond ob- 
server at the Cape, does the aame for the angle Z' B L This is ill that 
need be done We can now cf nstruct on papei a figuie similai to the 
tour Bided hguie L A T B The aigle T is known the hne& Z A and 
Z B aie two nearly equal radii ot the tenestnal sphere and the direction 
of the lines A L and B L is given b> the observations. \\ hen once this 
four-sided figure Is laid down, we only have to connect the points T and 
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L, and to find its length, taking tlie Earth's radius as the unit of 



We have tlms found that the mean distance of the Moon ia ahout fiO 
radii of the Earth, 

We now paas on to the distance of the Sun, and of the divers planets 
of the Solar System ; and we will commence by two remarta, which will 
simplify our subseqneat explanation. 

If we refer to the first general problem, of the distance of an inacces- 
sible object, we shall understand, if we look at fig. 181, that ,the accurate 
measure of the two angles at the base tells us at once the angle at the apex; 
or the angle formed by the two straight lines which join the tower and the 
extremities of the base, [As the sum of the three angles in any triangle 
is a constant quantity :3 2 right angles.] 

This angle is called the farallax of the tower, and the object of all 
the prol 111 1 r _ ' h celestial distanc(;s, is to determine the amount 




of this parallax. Thus, for the distance of the Moon, what we seek to 
know ia the angle which the base A B {fig. 182) would subtend at the 
centre of the Moon, or, more generally, the angle subtended by the diameter 
or radius of the Earth at the Moon. 

In the. case of the Sun, the problem may thus be stated. Under what 
angle would the diameter of the Earth appear at the centre of the Sun? or, 
in astronomical language, What is the Sun's parallax ? 

The second remark is as follows ;-— Kepler, by the discovery of his 
laws, enabled us to determine not the ahiolwU, but the relative distances 
of the planets from the Sun. In such a manner that although he was 
unable to express the absolute distance by means of a common unit, in 
miles for example, the relative dimensions of the orbits were so known, that 

* In thk eiainple, as in the otber, the graphic construetion on paper— an ex- 
ceeding rough method — is not the one actually employed. The real solution is 
accomplished by a more or less eompUcatsd. but sure, muthematieal cslculntinn , 
This calculation admits of a precision which in only limitBd bj the aecuracy of the 
preliminary observations. 
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CELESTIAL MBA8URBMBSTS. 399 

he could Bay, for iDStauce, that the mean diatance of Jupiter from the 
Sun was 5^^ that of the Earth, the distance of Yenus from the Sun was 
^ijVj that of the Earth, and ho on. 

So that, when once the distance of any one planet from the Sun ia 
determined, hy Kepler's laws we can deduce those of all the rest. 

The planet whose distance we have therefore endeavoured to determine 
is naturally the Earth, How then have we attempted it ? 

[Here we at once approach a new step in measares, and touch upon 
one of the nohlest problems of Astronomy. We have seen how it is pos- 
sible to measure distances on the Earth ; and how two observers, using 
their diatance on the Earth aa a base-line, can determine the distance of 
the Moon. Bnt the measure of the Moon's distance in no way helps ns to 
get at that of the Sun. The latter is entirely a different operatioa, and on 
the correctness with which we can. accomplish it depends ' every measure 
in astronomy beyond the Moon, the diatance and dimensions of the Sun, 




and every planet and satellite and the distance of those stiis whose paial- 
laxea are approximately known 'f 

The value of the Sun's distance at present received his been deducpd 
from the transits of Venus m 1761 and ITb** and as these tiansits aftoid 
the most satisfactory means (although, as we have seen, note page 15, there 
are others) of determining it, we will endeavour to give an idea of the 
method employed. 

We have seen that when Venus crosses the Sun's disk, during its 
transit, it appears as a round black spot. Let us suppose two observers 
placed at two different stations on the Earth, properly chosen for observa- 
tions of the phenomenon, one at a station A in the Northern hemisphere, 

* [It. will be understood that the distajioe V, V, in the figure, is eoocmfiuslj ei- 
aggerated. The real distance would not exceed che diameter of either of the discs 
shown in tlie figure at V. and V^,— E. A.P. 

+ [The istronomer Royal in ' Monthly Nolicea,' vol. xvii. p. 909.] 
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B L n one. "When Veiras is exactly 

ee Vi fcun d h E ii b rver at A will see her projected 

Ti S p hvi will call Vj, the Southern obser- 

B w h the planet — which we will call 

— p i5 h h h a p int which we wiU csll Vj, Now, 

h g wh h w order to determine the Sun's dis- 

nce Y B d h p p the measured angle Ve A Vi to 

h d d A B 14 A V, or as 72 : 28, very nearly. 

So that, dearly, all depends npon finding the valu3 of the angle V^ A V,. 

Now, how can this be done ? 

If the distance between the two stations is anfficiently great, the planet 
will not appear to enter on the Sun's disk at the same absolute moment at 
the two stations, and therefore the paths, or the ' otords,' traveraed will be 
different. Speaking generally, the chords will be of unequal length, so 
that the time of transit at one station will be different from the time of 
transit at the other. This difference will enable us to determine the dif- 
ference in the length of the chorda described by the planet, and consequently 
their respective jiositions on the snlar disk, and the amount of their 
separation. Now, this separation is the angle Vj A Va required. Having 
this, we can compute the value of A V, B, and infer from it the Sun's 
distance, in fact, if A B were situated at the extremities of a diameter of 
the Eai-th, we should know the angle which it would subtend at the Sun ; 
in other words, we should know the Sun s paiallax. 
■ But this is on the supposition that the Eaith has no motion of rota- 
tion ; let us introduce this consideiation and see not only how it modifies 
the result, bat also with what anMoua (oresi;,lit astronomera prepare for 
such phenomena, and \\lii it«as requisite in 17i39, and will be again 
necessaiy in 1874 and lbS2 to go so fai fiom home to observe them. 

Let UB take the transit of 1882 ;* we already know the instant and 
place (true perhaps to a second of time and arc) at which the planet will 
enter and leave the solar disk — in other words, we know exactly how the 
Earth will be hanging in space as seen from the Sun — how much the south 
pole will be tipped up — how the axis will exactly lie — and how the Earth 
will be situated at the momenta of ingress and egress. Now if we draw 
two planes cutting the centre of the Earth, tangential to those parts of the 
Sun's liiab at which the planet will enter and leave the solar disk, we shall 
recognise in a moment that some parts of the Earth will see the planet 
enter the disk sooner than others. Some parts, on the other hand, will see 
it leave the disk later — in other words, according to the position of a place 

* [It hnppena, nnfonunately, that the transit of 1874 has heen neglected so far 
as the application of the method here coosidered is concerned. It haA appeared to 
the Astronomer RojfJ, on a general view of the subject, that the transit of 18M3 
wonid be preferable. Bui a very careful analysis of the conditions of the two transits 
hy the present writer (see 'Monthly Notices of the AstronomiealSoiaety,' vol.xxix.) 
has shown that in reality the trmiBit of 1874 will afford far mora faroarable oppor- 
tunities for the applicatjon of Halley's method than the later transit, during which, 
iadeed, that metlioci can hardly be applied at all. — R. A. P.] 
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witli vefevence to tlie plane of which we have spoken, both ingreas and 
egress will he accelerated or retarded as the case may he. 

Now, if we can find a place where both the ingreas will be accelerated and 
the egress retarded, and another where the ingress is retarded and the 
egress is accelerated, we shall get what we want, the greatest difference in 
the duration of the transit, — tiie greatest diffei-ence in the length of the 
cord, of which we have before spoken. 

' Selecting, then (we quote from a paper hy Mr. Airy in the ' Monthly 
Notices,' vol. xxiv.), the parts of the Earth at which the duration of transit 
would he shortest, it is seen at once that in the seaboard of the United 
States of Amenca, the ingress is retarded hy a quantity represented by 
0-9S, and the egress is accelerated by a quantity which, in the mean, is 0'83 
nearly ; so that the whole shortening is represented by 1'78 (the geo- 
metrical possible maximum being 2'00). That locality, tiierefore, is very 
favourable. 

' Selecting, secondly, the parts of the Earth at which the duration of 
transit would be longest, it will be found that the choice is more limited, 
and the practical difficulties rather greater. For the acceleration of ingress 
at '^ Greenwich mean time, the ohserving-station ought to he on the right 
side of the diagram ; and for the retardation of egress at S"" Greenwich 
mean time, it ought to be on the left aide of the diagram. It la impossible 
to satisfy these conditions, except by a station on the Antarctic Continent. 
From this and other considerations, it has been found that the place must 
be in 7'' East longitude nearly. Such a position can be found between 
Sabrina Land and Repulse Bay, Here the whole lengthening of transit 
would be represented by 1'61 ; a very large amount (the geometrical 
possible maximum being 2'00). Combining this with the observations at 
Bermuda, the whole difference of durations would he represented by 3'41 
{the geometrical maximum bang 4'00), This point near Sabrina Land is, 
in fact, the only one which is suitable for the observation.' 

This method, we see, is sometimes more complicated than that by which 
the Moon's distance, or that of the inaccessible object, was determined ; but 
theyall depend upon the same principle. 

We have given, however, but the spirit of the method, omitting all the 
difficulties met with in practice, and all the consequent complications in the 
calculations.* 

We must next endeavour to show by what methods we have been able 

* The reader roay perhiipa ask why the Suu's parallax is not determined direct 
by a simple Imangulation, as in Ihe other problems we have noticed. The reason 
is, that the base of the triangle, at its mttximuro, cannot esceed the dimensions of 
the Earth's diameter. Now the distance of the Sun is so great that, compared to 
this base, errors of observation would assume a considerable importance, compared 
to the extremely small angle to be measured. [For instance, an eiror, which in the 
case of the Moon would dirow us out only 100 miles, would in the oase of the Sua 
amount to 10,000,000.] This difficulty, therefore, has to be got over by utilising tlie 
transits of Yenns — a inetliod due to the illustrious Halley, and the most efBcacioua 
of those at preseut adopted. 
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to determine tUe di^taocea of tlie stavs, situated Iwyoad our eyeteni, or at 
least of BOme <jf them 

The metli d ol ti i angulation ia still the one adopted. But the base is 
no longer either the ladu ■i oi diameter of the Eartl\. Ah'eady we know 
that the angle under which our Earth would be seen at the Sun ia extremely 
email ; and It has retjuired all the preciaioa of our modern astronomical 
data on the planetary movements to ohtain a positive result, lint the 
distance of the stars is so considerable, that it is useless to attempt to use a 
laae on the surface of the Earth. 

It is, therefore, necessary to choose a base elsewhere, and also some other 
unit of meaenrement. Astronomers at once thought of the distance which 
sepaiates the Earth from the bun even before tins distant* w as determined , 
so that the pioblem was to deteimine how manj times the feun & distance 
wa^' '■mt line 1 lu the 1 -^tinc.- tt anj ^i\en 'ttai 




Let ns see in what manner we have been able to nae this immense base- 
line, which, as we know, conttuns some 24,000 terrestrial radii. Let us 
^ain take a familiar comparison for an example, and imagine on abserver 
placed in the centre of an extensive plain. Before him, on the horizon, is 
a tower, the top of which appears to be of a certain height above tlie 
general level of the plain, Now, it is evident that this apparent height 
depends upon the distance of the observer from it, and that the height will 
increase as he approaches the object, and decrease as he recedes from it. 
Let us glance at fig. 186. When the observer is at B, the visual ray, B S, 
has caused thesummitoftlie tower to stand out on the background of clouds 
at h. If he move from B to A, approaching the tower, the new visual ray, 
A S, will form a greater angle with the surface of the plain than the fir«f, 
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md the top of tlie stmcture will have gradually elevated itself fi-om 6 to a. 
Byhowmuch? By an angiilarquantity exactly equal to that under which 
an eye placed at S would see the base A B, that is to say, the line of length 
of wliieh measures the ohservei's displacemeut. 

Well, the horizontal pMn represents to ua tlie plane of the terrestrial 
orbit ; the summit of the tow-er la a star, the distance of which we seek ; its 
height above the plane is what is called by astronomers the star's latitude ; 
and the distance traversed, A B, will be that which the Earth accomplishes 
in six months, a distance of some 1 90 millions of miles. The displacement, 
h a, is, in fact, the parallax of the star referred to the diameter of the Earth's 
orbit ; It is double the parallax of the star if the radius of that orbit — the 
distance of the Earth to the Sun —be taken as an unit. 

The question, therefore, consists in determining whether the latitude of 
the star has sen^bly augmented when the Earth has passed from the first 
to the second position, and the precise value of this augmentation, if there 
be any, 

A large number of most delicate observations at first showed no appre- 
ciable vaiiation in latitude ; in a word, it was impossible to detect any 
change, even of a second of arc, in a star's place. So that the visual angle 
under which form one of these stars a distance of some 190,000,000 miles 
is seen, — is almost nil. 

Now, in order that auy given length, a yard for instance, viewed in front, 
may be reduced so that it will subtend an angle of one second only, it must 
he removed from our eye to 206,000 times its own distance. 

It r^ulte, therefore, from this, that the stars ai-e removed from us at least 
206,000 times the distance of the Sun from the Earth — 206,000 times 
190,000,000 miles. Let ua im^ne in space a sphere — having the Earth 
for centre, and this tremendous distance for radius ; it is perfectly certain 
that not a single star coidd lie within it. 

However interesting this first datum may be, it ia only a negative oue. 
But astronomers were not discouraged. They increased the perfection of 
their methods, and suggested a second still more delicate than the first. 
"We will endeavour to give an idea of it, 

Let us return to our observer. We will suppose that he has not been 
able to detect any appreciable increase in the apparent height of the tower, 
in consequence of the extreme smallness of the displacement compared with 
the distance of the object observed. Nevertheless, this increase, however 
small it may he, is a reality. How then can he detect it? In this manner. 
Instead of only looking at the top of the tower, he will compare its 
position with a neighbouring point — neighbouring at least in appearance 
— and will then commence his approach. One of two things must happen, 
either the two points are at the same distance from the eye, or one is further 
off than the other. 

lu the first case, the variation in the height will be the same for both, 
and the method will not succeed. In the second case, the top of the tower 
ing higher than the point with which it is compared, which \ 



rising higher than the point with which it is compared, which we will ^ — > ¥ 

suppose the more distant, their reciprocal distances will vary. Mow, on U + H k V -■ C^ C~\ O I C^ 
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tlie one hand, it is much more easy to measure the variatioii where it is 
confined within small limits, than where it becomes relativdy a coaeiderable 
quantity. On the other hand, the small apparent movements due to diffe- 
rent causes, and the inevitable errors of observation and instrument, as they 
affect in a like manner hoth points obseived, may all be neglected. Such 
is, shortly, the second method employed by astronomers, the success of 
which has enabled na to determine, with a great exactitude, our distance 
from some of the stars. 

Comparing -with the greatest care, and for several years in succession, 
the apparent position of several couples of neighbouring stars, [one of which, 
by virtue of its propra motion, we know to be nearer to us than the other,] 
we have been enabled to determine the visual angle, which the diameter of 
the Earth's orbit subtends at the uearest. We have already dealt with the 
results of this method of observation. 

Such are, in their most elementary form, the methods employed by 
astronomers in measuiing celestial distances. If, by means of the foregoing 
explanations we have been enabled to convince our readers of the certainty 
of the results, and to dispel the doubts which some among them may have 
entertained on the possibiUty of the solntion of this problem, our end is 
gained. But it must be fairly stated that, if the spirit or principle of the 
methods be easy to comprehend, the practical working out of them is ex- 
tremely <h.fficult ; all the resources oi the maJb.ematical sciences, all the most 
precise astronomical knowledge, so patiently aecumnlated during so m-any 
centuries, all the predsion of our measuring instruments, have been indis- 
pensable for arriving at their exact solution. We have said nothing of the 
talent of observation, the sagacity, and sometimes the genius, of the philo- 
sophers who have employed them. 



ABTBOIfOMIOAL INSTRUMENTS. 

VISIT TO AH OBSEEVATOEY. 
Insti'iinients for obtaining Magnified Images of Celestial Objects— The Astr.inomieal 

Telescope Newtonian, Hersehelian, Gragorian, and Sii'eced-G-lass Refleewts — 

Insmiments used in Observatories : Transit Circle. Eqnatorial. 

The surprise and admiratioa escited by a description of the marvels 
which astronomers have discovered in thedejrths of the heavens are always 
accompanied by a strong slesire to see for oneseE Hence arises a very 
pardonable curiosity to know more of the instruments by means of which 
the circle of our Imowledge of these magnificent phenomena is being 
continually widened. Telescopes, both refractors and reflectors, are eagerly 
sought after ; but those siost frequMitly met with are CB-dinarily so smaU, 
that when we compare them with the large instruments now used in obser- 
vitfiric the sentiment of curiosity is rather .over-excited than satisfied. 
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We haie menti nsd 01 seiTitoiie^ — Temples of the most snblime cf 
the sciences which in the e\e3 of the profane that is i ■» hige majority 
of the pubhc are looLed upon m mvsteiioi\a sanctuaiiei where m the 
silent m^ht and ana> troia the busy hum ot men philos phers are m 
inliuiate communication with the maiimeiahle worida which pe pie the 
UniYeree How many there are among as — we speak of those interested 
in science — anxious to mep^ct ne of them if even c iisoiilj In oidei 
therefore to do what we can to satisly this wish we give m this last 
chaptei a short description of the principal instiumputs t be fonui in 

We m')v livide astronomical instruments mto thiee distinct classes — 

Those which serve to mcreise the power of the human eje i n 

other w rds to lessen distances Such aie telBSCopea divided iito 

refracting and reflecting telescopes oi as they aie called EefrKtou and 



Those which have fw their oljeLt the metaurement of ingles and b\ 
means of ^shich we deteimme the positions of the stars D ndfd t des 
and Mt<.r(y nUet s aie the principal mbfranieuts i tlis diss ai 1 h \ i 
always used in conj incti n with telesc pe 




Lastly, those which enable us to estimate time with all the preeisioii 
requisite in astronomical calculations [that is, to the tenth part of a 
second] ; such are Astronomical Cloclis and Chronomelere. 

We must limit ourselves here to the first class, those which, by giving 
UB a magnified image of the object, bring; it apparently nearer to us, and 
thus assist. our sigl^. By reason of its etymology (r^?.j, far, and ffKowsiV, 
to see), the term Telescope is applied to all those insti-umenta which fulfil 
this condition, whatever be their construction. 

In Refractors, the light is made to pass throngh a combination of 
lenses, called the Object-glass, and is rffraoted, or bent, to the focus. lu 
Reflectors, the rays are received on a mirror, or Speculum, and are rtfiected 
to the focns. This is the fundamental distinct'on between the two classes : 
in both the aerial image foi-med at the focus is examined in the same 
mannpr. 

The following description will enable us to understand the specific 
character, which we have thus defined in such a general manner. 

The Astronomkcd Telescope is a refractor formed, as we have seen, 
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of two systems of lenses, one held ia positioa by a oylindrical tube ; tlie 
one turned towards the object is termed the OhjecUglass, and on it falls 
the beam of rays emitted by the object yiewed ; this is grasped by the 
object-glass, and made to converge, at a certain distance behind it, to a 
6pot called the focus, where it forma an image of the ohject observed. 
This image a 6 in the iigure, is examined by the aid of a magnifier, in 
precisely the same manner as a naturalist examines an insect or a plant. 
The eye, in looiing at the image of the ohject by means of this lens — 
which again may be and generally is a combination of lenses — observes it 
magnified, and can examine ite details. Hence it is called an eye-piece. 

Such is in principle the construction of an Astronomical Telescope. 
It must be ohserved that it ia not the object itself which is obseryed by 
means of the eye-piece but its image, and it is the image alone which is 



[A word now as to the pou>er of the telescope, and, fli-st, as to its 
Uluminativg pomer. The aperture of the ohject-glass, that is to say, its 
diameter, being larger than that of the pupil of our eye, ita surface can 
collect more rays than our pupil; if this surface be a thousand times 
greater than that of our pupil, it collects a thousand times more light, and 
consequently the image which it forms at its focus is a thousand times 
brighter than the image tlirown by the lens of our eye on to our retina. 

Having this image at the focus, the magnifj/ing power of the telescope 
comes into play. This, in the general opinion, is the most important 
element of power. It varies with the eye-piece employed, tbe ratio of the 
focal length of the object-glass to that of the eye-piece giving its exact 
amount. Bearing in mind that what an astronomer wants is a good clear 
image of the object observed, we shal! at once recognise that magnifying 
power depends upon the perfection of the imt^e thrown by the object-glass 
and upon the illuminating power. If the object-glass does not perform 
its part properly, a slight magnification blurs the image, and the telescope 
Hence, many large telescopes are inferior to much smaller ones 
u the matter of magnifying power, although their illuminating power is 
so much greater. Hence, again, the immeasurable superiority of refractors 
over reflectors in this particular; for, although by virtue of their illumi- 
nating power they are admirably adapted for observations of nebulse, 
where the best definition of the image is required, they are for.ud sadly 
waiting. 

There is another matter to be mentioned. In the case of stars, 
— which, by reason of their immense distance, appear as points, — no 
increase in the size of the disk, except the one mentioned further on, 
follows the application of higher magnifiers ; with planets this is different ; 
each increase of power increases the size of the imt^e, and therefore 
decreases its brilliancy, as the light is spread over a larger area. Hence 
the magnifying power of a good telescope is always much higher for stars 
than for planels, although at the best, it is always limited by the stcte of 
the air at the time of observation.] 

If the material of which the object-glasses are composed is equally 



Hosted by 



Google 



pure, and tlieir definition equally fine, tliose with tha largest apertures 
possess the greatest magnifying power. 

To return to the object-glass. It is composed generally of two lenses, 
in JTixtaposition, ornearlyso, one bi -coavexj (As croMJn, the other hi -concave, 
tJieJlmt. This comlDinfttion ia required to destroy the chromatic aberra- 
tion, which, without it, woidd suiTound the image with b. Iialo of colotired 
light, and destroy the purity of the image. The eye-piece also is composed 
generally of two or more separate lenses, the object of which is to reduce 
the distortion of the image as seen through a siagle lens, and to increase 
the field ofvieie. 

In fig 18G is given a section or interior view of an astronomical 
telescope, similar to the one figuied m tig 187 

[Among the most lemarbable and powerful lefiactors of the present 
daj, we may mention that at f hieago, of 18^ inches aperture, the woik 
of the celebtafed Ameiican optician, Alvan Clark, and those ot Pulkowa 
and Camhiidge, US, each ot 15 inches apeitme, fiom the atehei ot 
Merz the successor ot the celebiated Fiiunhoter 'VV'Tiiie we wiite our 
Englifih opticians, Messrs Cooke and feons, aie mounting an object glass 
which they have just completed, of the enormous apertuie ot 25 inches, 
which at one bound surpasses almost oui most sanguine hope's and lestoies 
England to the place it held m the optical art in the time of DoUond ] 




We now come to the Reflector, which, as we have seen, differs from 
the refractor in having a concave mirror to reflect light, instead of an 
object-glass to refract it. The mirror requires to be ground and polished 
with the most consummate care and skill as its surface is not spherical, as 
are those of object- glaaaes, but parabohc. 

The arrangement of the mirror and the eye-piece is of course different 
from that adopted in the refractor, as the rairi'ov is opaque, and its 
concavity must be turned towards the sky. We give three sections of 
reflectors of different constmctions as designed by their inventors, Newton, 
Gregory, and Herschel. 

In the first of these instruments (fig. 188) the luminous rays, after 
reflexion from the principal speculum M, are again reflected from a 
smaller one m, inclined at an angle of 45°, in such a manner as to throw 
the beam to the side of the tube, to which is fixed the eye-piece, which 
performs, as we have said, the functions of a magnifier. Thus, in Newton's 
construction, the observer ia placed sideways, at a right angle to the 
direction of the rays which enter the telescope. 

In the Gregorian form (fig. 189) the great speculum is pierced at its 
centre, and the aperture hohls a tube containing the eye-piece : the small HOStGCl by 
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mirror is placed in front of the large one, ita reflecting aurf 
it and perfectly parallel. Tliei-e is, therefore, a double reflexion, aa in the 
Newtonian form, but the eye of tlie observer ia directed to the ohject 
viewed. This double reflexion naturally nmeh enfeebles the light. 

The 'front-view' reflector, — Hersehel'a form (fig. 190), — haa not 
this disadvantage ; there is bnt one mirror M, inclined at the bottom of 
the tube in such a manner as to throw the image to the lower edge of the 
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to turn hiH 1 ael to the object observed cuts o 
by his hea 1 
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minating [oner anl therefoie the magnifym^ power of reflectois are 
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Some years ago a slriJful physicist, M. L^oii Foucault, who is so well 
known from his delicate esperimenta on the velocity of light and his 
invention of the gyroscope, suggested the construction of glass mirrors, 
coated with an exceeding thin film of silver, chemically deposited, an 
arrangement which would much reduce the price of telescopes and would 
vender their polishing extremely easy. We reproduce here (Plate XXIV) 
the magnificent instrument he has constructed for the Observatory of Paris 
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(it Las subsequently been removed to Marseilles). This reflector is con- 
structed on the Newtonian principle. 

Among the remarkable reflectors at present in use, we mnst mention 
that constructed by the Earl of Eoase, and erected at Parsonstown, in 
Ireland. This colossal instrament is of GO feet focal length, and the miiTor 
is (i feet in aperture. We have seen what good use the illustrious constructor 
of this instrumental marve! has made of it iu discovering new nebulje, 
which had resisted all feebler efforts. The instrument cost 1.2,000Z. 
Piate SXIII gives, according to the ' Speculum Hartwellianum,' views 
both of the telescope and of the stractui* which supports it and permits its 
proper handling. 

Nowadays, when the heavens are explored in all parts by tried 
observers, provided with (he most perfect instruments, it becomes more 
and more difficult to add to our knowledge of the physical constitution 
of our system and of the other sidereal systems. While the telescope was 
young, very small instruments were sufficient to secure the most glorious 
discoveries. Galileo saw the satellites of Jupiter by means of a telescope 



[ l",;^^^^^^^^ " ' .. 



which magnified seven times ; and never tised one which magnified more 
than thirty -two times. Let us add, leat amateurs should be discouraged, 
that a small telescope of less than three inches aperture, and with magnify- 
ing powers varying from GO to 300 times, is sufficient to enable one 
to puMue useful investigations. M, Goldschmidt discovered fourteen 
minor planets with a telescope such as we have described ; and he has 
seen the satellite of Sinus with it also. 

[We are glad to know that in England the number of medium-sized 
reft actors by which so much good work has been done, is rapidly 
incrcaaiug. The illustrious Secchi, we think, has too hastily condemned 
small telescopes; and — hearing in mind the double-star work done by 
the Rev W. R. Dawes with a small telescope, and the maps of the Moon 
and Mars we owe to the observations of Beer and Mftdlev, who used a 
smaller instrument still— the increase in the use of even small telescopes is 
a subject for much congratulation. 

In this climate of ours, which by the way is not so bad, astronomically 
speaking, as some Anglophobes would make it. a tt-inch glass is doubtless 
the size which will be found the most constantly useful ; larger aperture 
being frequently not only useless, but hurtful. Siill, 4 or 3| inches are 
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GREAT SILVER-ON GLASS REFLECTOR. 
Coiistraotetl by M, Foucault. 
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apertures by all means to be encouraged ; and by object-glasses of thrae 
sizes, made of course by the beet makers, views of the Sun, Moon, plnneta, 
and double stars, may be obtained, sufficiently striking to set many seri- 
ovTsly to w(ffk, as amateur obaevvera, and with a prospect of doing good, 
nseful work. 

Thus itt the matter of double stars, a telescope of 2 inches aperture, 
with powers varying from 60 to 100, will show tlie following stars 
double : 

Polaris. y Arietis. a Geminorum 

o Pisoiom, e Herculis. -y I.eonis. 

/I Dvnnoms. % UrsK Majoria, | Cassiopeie. 



!, powers 80-120, reveals the duplicity of 



1 Hjiirff.. 
I Boiitis. 
I Leouis. 



And a 6-inch, powers 240-300, 

I Arietta. x Ophiufilii. • Equiilei. 

J Cygni. 30 Draoonis. { Heiiitilia. 

39 Ononis. « Getninonim. 

The testing of a good glass refers to two different qualities which it 
should possess. Its quality, as to material and the fineness of its polish, 
should be such that the maximum of light shall be transmitted. Its 
quahty, as to the curves, should he such that the rays passing through 
every part of its area shall converge absolutely to the same point, with a 
chromatic aberration not absolutely nil, but sufficient to surround objects 
with a faint dark blue light. 

The convenient altitude at which Orion culminates in these latitudes 
renders it particularly eligible for observation ; and during the first months 
of the year, our readers who would test their telescopes will do well not to 
lose the opportunity of trying the progressively difficult tests, both of 
illuminating and separating power, afforded by its various double and 
multiple systems, which are collected together in sncli a circumscribed 
region of the heavens, that no extensive movement of their instruments — 
an important point in extreme cases — will he necessary. 

Beginning with S, the upper of the three stars which form the belt, 
the two components will be visible in almost any instrument which may 
be used for seeing them, being of the second and seventh magnitudes, and 
well separated. The companion to ;3, though of the same magnitude as 
that to 3, is much more difficult to observe, in consequence of its proximity 
to its bright primary, a first -magnitude star. Quaint old Kitchener, in 
his work on telescopes, mentions that the companion to Rigel has been 
seen with an object-glass of 2-£-inch aperture ; it should be seen, at all 
events, with a 3-inch. ^, the bottom star in the belt, is a capital test 
both of the dividing and space-penetrating powers, as the two bright stars 
of the second and sixth magnitudes, of which the close double is composed, 
are but just over 2|" apart, aocoi'ding to Secchi's last measurements. 
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The small 8t&r below, which the late Admiral Smyth, in his charming 
book, ' The Celestial Cycle,' mentions as a test for hie ohject-glaea of 6'9 
inches in diameter, is now plainly to he seen in a S^, The coIootb of this 
pair have been variously stated, Struve dubbing, the sixth, magnitude — 
which, by the way, was missed altogether by Sir John Herschel — ■ 
oliAraoeasnbriibicaLda.' 

That either our modem opticiaBS contrive to admit more light by 
means of a superior polish imparted to the surfaces of the object-glass, or 
that the stare themselves are becoming brighter, is again evidenced by the 
point of light, preceding one of the brightest stara in the system, com- 
posing a. This little twiulder is now always to be seen in a 3J-inch, 
while the same au^ority we have before quoted — Admiral Smyth-Speaks 
of it as being of very difficult vision in his instrument of much larger 
dimeusious.. In this very beautiful compound system, there are no less 
than seven principal stars ; and there are several other faint ones in the 
field. The upper very faint companion of ?. is a delicate test for a S'l-inch, 
which aperture, however, will readily divide the closer double of the prin- 
cipal stars, which are about 5" apart 

These objects, with the exception of £^, have been given moi'e. to test the 
space-penetrating than thedividing power ; the telescope's action on 52 Orio- 
riis will at once decide this latter quality; This s'tar, just visible to the naked 
eye on a fine night, to the right of a line joining a and b. is a very close 
double. .The components, of the sixth magnitude, are separated by less 
than two seconds of arc, and the glass which shows a good luhite black 
division between them, free from all stray light, the spurious disk being 
perfectly round, and not too large,, is by no means to be despised. 

The ' spurious disk,' which a fixed star presents, as seen in the tele- 
scope, is an effect which results from the passage of the light through the 
object-glass ; and it is this appearance which necessitates the use of the 
largest apertures in the observation of close double stars, as the size of the 
star's disk varies, roughly speaking, in the iuverae ratio of the aperture of 
the object-glass. 

Then, again, we have a capital test-object in the great ' Fishmouth 
Nebula, by far the most glorious of its class in the Northern heinisphere, 
and surpassed only by that surrounding the variable star >i Argils in the 
Southern. And although, of course, the beauty and vastness of this 
stupendoiis and remote nebula increase with the 'increased power of the 
instrument brought to bear upon it, a large aperture is not needed to render 
it a most impressive and awe-inspiring object to the beholder. In an ordi- 
nary 5-foot achromatic, many of its details are to be seen under favourable 
atmospheric conditions'. Those who are desirous of studying ite appearance, 
as seen in the most powerful telescopes, are referred to the plate in Sir 
Jolin Hersehel's ' Results of Astronomical Observations at the Cape of 
Good Hope,' in which all its features are admirably delineated, and the po- 
sitions of 150 stars wltich surround $ in the area occupied in the Nebula, 
laid down. 

This star, to which wo wiali to call especial attention, is situate (see 
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fig. 139) opposite the bottom of tlio ' fauces,' the name given to the iaden- 
tation whicli gives rise to the appearance of the ' fish's mouth.' This objeet, 
which, as we have seen, has heen designated the ' trapezium,' from the 
figure formed by its principal components, consists, in fact, of six stars, the 
fifth and sixth (•/ and a') heing excessively faint. Our previous remark, 
relative to the inereHsed brightness of the stars, applies here with great 
force ; for the fifth escaped the gaae of the elder Herechel, armed with 
his powerful instruments, and was not discovered till 1 826, by Stvuve, who, 
in his tarn missed the sixth star, which, as well as the fifth, has 
been seen i modern achromatics of such small size as to make all com- 
pa son w tl the giant telescopes used by these astronomers ridiculous. 

'> r J 1 n Hecschel has rated •■/ and »' of the twelfth and fourteenth 
magn t des — '^^ latter requires a high power to observe it, by reason of 
ts prox n ty to a. Both these stars have been seen in an ordinary 6-foot 
achron atic by Oooke, of 3| -inches aperture, a fact speaking volumes for 
the perfection of surface and polish attained by our modem opticians. 

Observations should always be commenced with the lowest power, 
gradually increasing it until the limit of the aperture, or of the atmospheric 
condition at the time, is reached ; the former being taken as equal to the 
nnmberofhundredthsof inches which the diameter of the object-glass con- 
tains. Thus, a 3f -inch object-glass, if really good, should bear a power 
of 375 on double stars where light is no object ; the planets, the Moon, 
&c., will be best observed with a much lower power. 

It is always more or less dangerous to look at the Sun directly with a 
telescope of any aperture above two inches, as the dark glasses, without 
which the observer would be at once blinded, are apt ta mek and crack 
from the concentrated heat. We must, however, except the cases in which 
a Dawes' solar eye-piece is empbyed, its smaller field of view, and conse- 
quently reduced beam admitted to the eye, obviate tJie objections attaching 
to direct vision, 

A diagonal reflector, however, which reflects ani extremely small per- 
cent^e of light to the eye, and by reason of its prismatic fonn refracts the 
rest away from the telescope, affords a very handy method of solar 
observation. When this is used, it is possible even to light a- cigar at the 
focus, while the San is observed in the most satisfactory manner by the 
rays intercepted by the refiectop. 

Care should be taken that the object-glass is properly adjusted. This 
may be done by observing the image of a lai^e star out of focus. If the 
Ught be not equally distributed over the image, or the diffraction rings are 
not circular, the screws of the cell should be carefully loosened, and that 
part of the cell towards which the rings are thrown very gently tapped 
with wood, until perfectly equal illumination is arrived at. This, however, 
should only he done in extreme cases ; it is here espedally desirable that 
we should let well alone.] 

We will now describe some of the most important work carried on in 
observatories. One of the first rooms we enter, — we suppose ovirstlves in 
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the Paris Obsei'vatory, — is that in whicli tlie meridian instruments are 
placed. Here at once our attention is riveted by telescopes, divided circles, 
and clocks, that is to say, by instruments which amplify our vision, mea- 
sure angles and positions, and measure and divide time. 

Three telescopes, of which one is fixed in the centre of a large circle, 
attached to a wall at the end of the room, and of which the nearest is the 
most modern and the most powerful, have all the same nllottetl task, that of 
showing us with precision the moment at which the stars pass throngh the 
;)lane of the meridian, and of measuring their angular distances from the 
zenith, whence their position with regard to the celestial equator can be 
deduced. 

The first instrument is styled a mural circle, the others are transit 
imtniments. 

In all these instruments the telescopes are arranged to turn freely on 
their axes, placed horizontally in a direction east and west, or perpendicu- 
larly to the plane of the meridian. The axis of each telescope, therefore, 
never leaves'this plane ; and as the daily movement of the Earth brings 
by turns al! the stars on the meridian, it is always pos- 
sible to observe the exact instant of the transit,or passage, 
one of them through this plane. To render this 
I observation easy, the transit instruments are provided 
with a series of fine spider wehs placed at the focus ; 
Be are shown in fig. ISll. The higher the power 
employed, the more rapidly does the star move across 
'^' ""' the field of view, and the more necessary does it becorne 

to notice the exact instant at which the star passes behind the different 
' wires,' as they are called, the error of observation being diminished by 
taking the mean of the times of tie transits across all of Uiem, 

We see in Plata XXV, hy the side of the meridian instniments, two 
astronomical clocks regulated to sidereal time and heating sidereal seconds. 
The noise of the beat is siifiicient to enable the observer to follow the time ; 
tjiis he estimates to within a tenth of a second, in such a manner as to 
know most exactly the instant of transit when it takes place between two 
successive beats. 

Visitors will scarcely care to regulate their watches by the time kept 
by these clocks, which, as we have before said, is sidereal, or star time, 
reckoning throughont twenty-four hours, the transit of the first point ol 
Aries being the star-point. 

The mural circle consists of a metalfic circle divided into degrees and 
fractions of a degree, and placed in the meridian. A movable telescope 
attached to its centre allows us to observe a star at the moment of transit ; 
the direction of the telescope shows the angular distance between the actual 
position of the. star and the zenith ; hence we can conclude its declination, 
the angular distance of the star from the celestial equator. 

The mural circle, therefore, serves also as a transit circle ; reciprocally 
we now attach divided circles to transit instruments by means of which the 
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ASTRONOMICAL INSTRCMBNTS. 421 

zenith distance is measured. The magnificent transits, Loth on. the one 
model, with which both Greenwich aiid Paris are now endowed, perform 
both these important functions. 

From the tranat-room we must now pass to the dome, under which is 
placed the large equatorial of 15 inches apertnre. 

As the meridian inatrumenta enable ua to ohserve the stars only for a 
few moments as they are passing the meridian, it hecomea necessary to 
have large telescopes to follow them through those regions of the heavens 
throii^h which they are carried by tlio diurnal movement. 

This desideratum is aeaomplished hy meana of the equatorial. 

As we see on. Plate XXVI, the telescope is fixed on an axis, on which 
it can move np and down as it were, keeping the same^right ascension ; 
this axis is attached to another, parallel to the axia of the Earth : and 
when this last axis is in motion, the telescope can change its right ascen- 
sion. It is, therefore, also free to move in every direction by a combina- 
tion of these two movements. The other most important parts of this 
instrument are as follows ; firstly, the telescope ; tlion a divided circle, at 
right angles to the decMnation axis, this measures the declination or the 
angle distance of a star from the celestial pole a second circle at right 
angles to the polar axis, and therefore in the plane of the eqnator, which 
measures right ascension. 

There is also a clock-work movement, which carries the instrument 
in one direction as f^t as the diurnal movement of the Earth is carrying 
it in the other. From this results that, if the telescope be directed towards 
a celestial object, such object can be kept in the field of view for hours. 
This affords a great facility for observations of the planetary disks, sun- 
spots, the heads of comets, &a. 

The equatorial may also he used for determining celestial positions, 
the divided circles, which enable us to find stars and other objects in the 
day time, being used for this purpose. 

We would gladly have entered into some particiJara of the way in 
which &e measurement of angles is accomplished, and of the instruments 
used, of the precision at which astronomers have arrived, thanks to the 
ingenious methods and the progress of mechanical and optical art. "We 
should then have referred to micrometers, divided circles, heliometors and 
other instruments employed in observations. But our description of the 
instruments used hy astronomers is already long. We must, therefore, 
refer to special treatises those who are desirous of entering more into detail 
in these matters. Our object will have been sufficiently gained if in 
exdting curiosity we have succeeded in giving the desire to study a science 
so capable of elevating the mind, and of affording it the purest and 
noblest enjoyments. 
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Abbott, F., on the vaviabla etor n Ai^fls, 
813 n.; oa the nebula, called the 
' Crooked Billel,' surroucdiiig n Ar- 
gils, 351 

Aberration, chromatic, 408. 113 

Aeoaleration of the revolution of Encke's 
comet, S4S, and note 

frclietnar,371, 388, 367 

Adiromatis teleecopes, 315, 333, 417 

Adams, Frof., his researches in lunar 
astronomy, 140 ; on the extent of the 
orbit of meteors, 170 ; on the irregu- 
larities in the motion of Uranti9 as 
explained by the existence of a more 
distant planet, 2S9 

Aerolites, aerueiderites, aerosiderolites, 
173 

Airy, G. B., his oftletilafJon of the Moon's 
angular diameter, 119; on the time of 
rotation of Jupiter. lilB ; his method 
of salving the prohlem of the Sun's 
proper motion, 397; on the risibility 
of the Pleiades with the naked eye, 314, 
316; on the transit of Venus for 1883 
as available tui correcting the Sun's 
parailai, 3B9, 403 

Aloor, 377 

Aloyone, 314 

Aldebaran. 271,370,364; spectrum of, 
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I its briUianty, 

Altar, 387; star- cluster in, 330 

Andromeda, 385 ; great cebala 
341, 348 ; pluietary nebula 
853. y Andromeda a triple : 
colours of, 304 

Angelina, 190 

Angle of inciiualion, 109 

Annular eclipses of the Si 

Annular nehulte, X3Q-33T 

Antarea, 371, 383 

Aphelion, Ran., 107. lOB 

Apogee of moon, 116 

Aquarius, stw-oluster in 
in, 355 

Avago, M., illustrates the immensity of 
the Sun'a volume, 17 ; on a remarliable 
instance of a solar spot, 30; on the 
luminons surface of the Sun, 89 n.; 
on the polarization of the Sun's light, 
43 ; on the iatensity of the Sun's 
luminous rays, ftO. 61 : on the habi- 
tabHity of the Sun, 63 ; on the dia- 
meter of Venus, 69 n. ; on the colour 
of the zodiacal light, 76 ; on the lu- 
minosity of the same, 81 ; on tjie dia- 



; nebula 



meter of the Moon, 13T ; on the phe- 
nomena of the eclipse of July liiS, 
155-158; on the suow-Eones of Mars, 
180 ; on the atmospheiio conditions of 
Jupiter, 303 ; on the form of Uranus, 
S3B ; oil the discovery of Neptune, 
S84 ; on scintillation of stars, 368 ; on 
the variation of colours in stars, 305 ; 
on transformations in nebulffi. 360. 
References to his 'Popular Astronomy,' 

Archer, 384 

Arcs, 335, 275, 374 

Arcturus, 371, 381 ; its distance from the 
Earth, 393; its velocitj of movement, 
395 

Areas, Kepler's laws of, 374 

Argalander. F., on the diameter of Ceres, 
193; his catalogue of stars visible in 
the horizon of Bci'lin, 271; on the 
number of stars visible with tele- 
scopes. 373 ; his reductions of the posi- 
tions of Tjcho Brahfi-s new star, 311 

Argo, 338 : nebulous stars in, 854. h Ar- 
gQs, 371, 388 ; the variabiUty of, 313 ; 
nebula stuiounding, 345, 347, 361 
Ariel, 331 

Asteroids, their position in the solar 
system, 187; hypothesis as to thair 
existence prior to their discovery, 188 ; 
their orbits and times of revolution 
roaad the Son, 190, 191; their size, 
193 ; their dimeaaions compared with 
the Earth, ib.; their probable num- 
ber, ib. ; maps by which they are dis- 
covered, ,194, 195 ; number of, dis- 
covered in i-espeotive years, 196 

Astrsea. 189 

Astronomers, why unable to predict the 
approach of comets, 243 ; their clns- 
sifioatioa of stare, 270, 371 ; their 
methods and their instruments, 395- 



Astionomical docks, 406 
Astronomical photography, 
Astronomy, its problems ai 

1, 6, 35, 313, 308, 290, 294. 299, 399, 

et passim ; its laws, 368-394 
Atair, 371, 288 
Atlas, 314 
Atmosphere of the Sun and planets, 37, 

63,93,94.150,157,189; of the stars, 

and the difference in colour effected 

by, 331 
Atmospheric refraction, 90, 236 ; its ef- 
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fects on the appearance of the disks 

of the Stm anil Moon, (14 
AttTHCtion, laws of, 378, 387 
Auriga, 37B ; nebulous stai'3 in, 353 
Aurora, SO, TS 
Autumn, 108 
Autumnal equLoox, 385 
Axis of rotation, 101, 108, 199, 210, 339, 

377, 381 

Bailj'6 beads, 156, 159 
'BaiTe,'380 

Beer and Madler, on ttie atmosphere of 
Mercury, 83; on the orescent of Mer- 
curf, 65j on the diameter ofYenus, 
69 ; on the period of the rotatioa of 
Venus, 71 ; onlunarpli;sics,'143, 147 ; 
on the colour of t^e snow-zones of 
Mara, ISO, 183, 188; on the rotation, 
spots, and satellites, of Jupiter, IBS, 
903, 308 ; small telescope employed by 
them in their researches, 110 

BeUona, 1 91 

Belt of Orion, 413 

Belts of Jupiter, 300, 301, 303 

Berenice's Hair, 316 ; nebulie in, 355 

Berlin Star-maps, 333 

BuEsel, Prof., Zones of, i'.S n. ; liis mea- 
enrement of the distance of the stars 
from the Earth, 391b. ; suspects the 
existence of a satellite of Siiius, 301 

Betelgeuse, 871, 379; vaiiation in its 
brilliancy, 307 ; spectrum of, 830 

Bianchini on the spots on Venus, 71 

Biela's comet. See Gambnrt. 

Birt, W. H„ on the luminous bands of 
the Moon, 133; on rilles, 131; his 



British AsEodation Catalogue of stars 
visible to the naked eye, 37^ a. 

Browning, J., specii'oscope manufactured 
hy, 18 ; on a change in the colour of 
the eq^uatorial belt of Jupiter, 303 n. 

Bull, the, 277 



Cambridge, U.S., rs 

Canes Venadci, 338 

Canopus, 371 

Cape Clouds, 367 

Capella,a71,a78; il 
Earth, S93; " 
S!95 

CapouQi on sun-spots, 81 ; his observa- 
tions of shooting stats, 1SU 

Carrington, E. C, Ms solar researches, 
19, 33, 33 n.; his investigalions as V> 



:s bj, 131, 



lunai' researches, 117. 

183, 131 
Bode's law as to the succe 

of the planets, 187, 188 
Bolides, or luminous meieors, their na- 

tine, and telescopic appearance, 173 
Bonpland, M.,on tlie star-shower of No- 
vember 1790,168 
Bond, Prof., W. C, on the tlivisiona of 

the rings of Saturn, BIS, 215, 330. 
Bond, Prof., G. P., on oometary ecie- 

lopee, 268; on the comet of ies6, ib: ; 

on nebulie, 343, 347, 348, 351 
Eoctes, 381 

' Bore ' in the river Severn, 386 
Bourbon, Isle of, tcpogruphioal relief of, 

130, 131 
Bouvard, M.. suspects the existence of a 

planet beyond Uranus, 333 
Bradley, Mr., his discovery of nutation, 

383 n. 
BiahS, Tycho, Mb discovery of a new 

star, 310, 311; his astronomical dis- 
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t, 319 
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gular appearance seen in the Sun in 
Septembei- 1859, 63 
Cassini, on the distance of the Sun, 
15 n,; his observations of Venus, 71 n„ 
75 n.; on the zodiacel]ight,80,81 ; on 
the rotation of Jupiter, 199 n. 
Cassiopea, 377. ■f' Cassiopeie, ft triple 

star, 302 ; a Cassiopea, 308 
Castor and Pollux,a70 
Celestial distances, howdeteimined,3ilD- 

405 
Celestial maps, 104 

Celestial objects, instrumenis for ob- 
taining magnified images of, 405-407 
Centaur, St^l ; nebulous stai>E in, 353. 
a Centauri, 11, 271 ; its distunee from 
the Earth, 901 ; is tha neatest of aU 
the stars, ib.; its velocity of move- 
ment, 390 ; is a double star, 301. 
fi Centauri, 271 ; vCentauri, star-dus- 
ter near, 3lH,31!) 
Centrifugal furi;e, 23, 378, ail2 
Cephens, 378. J Cephei, changes of 

brightness in, 307 
Ceres, 188, 192 
Cetus, coniitellalion in, 363 
Chacornac, M., on the spots and faculie 
on the Sun, 31 ; on the brightness of 
the zodiacal light, 73 n.; Ms ecliptic 
ohaits, 104, 373 n.; his discovery of 
eight telescopic planets, ib.j his eeti- 
niate of.the number of stars, 373 ; on 
variations in nebulie, 360 n. 
Chaldean shepherds the fii'st astrono- 

mera, 1 
Chui-les the Fifth, comet of, 353 
Charles's Wain, 376 n. 
ChSneaux's comet, 338 
Chromosphere, IS 
Chronometers, 406 
Circular nebulie, 331 
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CiiMiimpolar stars, nai-thern, 27!!l ii. ;■ 

sonthem, 288, 380 
Clairnttt, M., his prediution of the re- 

appemanoe of Hallej's comet, 244 
Clark, A., disoovers a satellita of Sirins, 

301; hie powerftil refractor, 408 
Clocks, astronomical, iOG 
Clouds, Great and Little, or Magellniile, 

Clytie, 18a, 191 
' Coal Sack,' 333 
Colonred stars, 303-305 
Cometarf nebulEe, 336, 337 
Comet of 1789,239 ; of 1811, 353, 354 ; 
of 1843, 234! of 1882, SS4, 357; of 
1861, 338 
Comets, their elongated orbits, T, 33G; 
their aspect, 337 ; sometimes taiUean, 
ib,; theirheads.DucleDG, and tails, 33Si 
form part of the solar ajstem, ib. ; 
ineliaatiOQ of their 01^119,338,341; 
of short period, 912-330 ; elements of, 
219; of long period, 330-383; their 
number, 350; th.eii' vcjod.^, 353 ; their 
Tisibiiityto the iiBketleye,ib.; their 
physical constitutioa, 357 ; their light, 
937, 358 ; possibility of the Earth 
coming in contact ■with, 238-301; 
their mass and density, 333; spee- 
troseopie observations of, 2tl3 
Conicsl nebnlfe, 336, 337 
Con.innoiaon, superior and inferior, 58, 

177, 197, 310, 334, 386 
GonatellatioiiB, or groups of stars, 4, 
374-989; view of, how atfeoted by 
change of latitude, 375 
Cooke and Sons, astionomical instru- 
ments manuCaotui'ed by thetu, 46, 408 
Oopemious.his astronomical disooveries, 

15 n., 39, 379 
Comelina Gemma (comet of 1577), 339 
Corona, 47, 50,157 
Corrugations, S3 
Crab nebula in Taunis, 348 
' Crooked Billet,' the name given to tlie 

nebula in h ArgQs, 351 
Crucis, sand iS, 371 
Curves deacribed by the planets around 

the Sua, 9 
CygnuB, nebulous stars in, S53. 01 
Gygni, the first star whose distance 
ftom the Earth was determined, 3S}1, 
202; its velocity, 395; is a double 
star, 300 ; distance between the two 
stars vfhioh compose it, 301 ; its 
weight, 301 

D'Alembert, his researches in gravita- 
tion, 389 

D'Awest, M., on the common origin of 
the minor planets, IBT ; inquiry whe- 
ther the stav discorered by him ivns 



that seen by Tvoho Biahe in 1572, 
311 ; on variations in nebulie, 380 o. 

D'Arrest's eomet, 349 

DitubrSe, his collection of meteorites in 
the Natural History Museum of Paris, 
176 

Davis, Captain, measurement of stm. 
spots, 21! 

Dawes, Rev. W. K., his researches in 
solar astronomy, IB, 25, 33, 34, 44 ; 
on Jupiter and iU satellites, 304, 
303 n. ; on Satnm and its rings, 313, 
319 ; telescope of small power em. 
ployed by him, 410, Note by, 308 

Day, how produced, 380 

Da La Bue, W., his researches in solar 
physios, 19 ; his labours in astrono- 
mical photography, as applied to the 
Sun, 33, 41, 40, BO, 51 ; on the Moon's 
angular diameter, 119 ; on lunar pho- 
tography, 147 ; on the origin of 
Sally's beads, 157 ; on the results of 
the 'Himal^a' eclipse expedition, 
101 ; his drawing of Jupiter, 300 
De Lit Kue, Stewart, and Loewy, on sun- 

Denebola, 381 

Density of planets, 80, 90, 180, 303, 335 

Derham, Mr., on the brightness" of the 

zodiacal light, 76 
Descartes, his theory of the cause of 

tides, 385 
DeVico, observations ofVenus,71n. 75 
De Vico-s comet, 943 
Digits, 156 
Dione, 221 

Direct movement of comets, 349 
Disks of stars, 369 
Diurnal rotation, 335, 374, 377, 985 
Divided circles, 406 
Donati's comet, 351,"334, 355 
Doradua, nebula in, 345, 348 
Dragon, the, 977, 378 ; nebula in, 301 
Drummond's oxyhydrogen lamp, 35 
Dumb-bell nebula, 343, 344 
Dunkin,E.,ou the movement of the solar 

system through space, 397 



Earth, its movements of rotation and 
revolution, 8 ; proportion of the force 
of the Sun received by it, 10 ; its dis- 
tance i¥om the Sun, 14 ; its satellite, 
81 ; its appearance as suspended in 
space, ib. ; its spheroidal form, 83 ; 
its dimensions, 88, 89 ; distribution of 
oceans and continents on its surface, 
89 ; its volume and weight, 89, 90; 
density of its atmosphere, 90; its 
diurnal movement, or rotation, 8, 95- 
97 ; its revolution round the Sun, 
8. 93. 90, 0!) ; difference between its 
sidereal and solar days, 90, 97; lapid- 
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ity of its rotation varies with latitude, 
9S ; invariability o( the position of tbe 
polas of rolation on its surface, ib.; 
]ength of revolution, SB; dimensions 
of its orbit, ib. ; its velocity of move- 
ment, ib. ; its Eeasona, 101, 103, lOa ; 
its climate, 101, 107, ]08{ its zoaes, 
101, 108; its iiiaaa,_ 370; investiga- 
tions into ita primitive fluid state, 
Sftl ; its antiquitj,ih.; its distance from 
the Moon, 307 

Earthquake phenomena, 131n. 

Ebb, 387 

Eclipses, theory of, 148; precision with 
which they are calculated by astro, 
nomers, IM, 101; of Jupiter's natsl- 
lites, 309; of Stttnm's satellites, 337 

Ecliptic, 0, 3S1 

Bclipdc charts, 11)4, S72 

Egeria, 180, 191 

EUipse.311, 373 

Ellipticityofthe Earth and otlierplauels, 
88, 108, aOB 

Elongated ellipses of comots, 238 

Emersion, SOS 

EncdadDB, 21S, 331 

Encte's comet of short period, 347, S48; 
acceleration of its revolution, and its 
probable congeqaence, 348, and note 

Envelopes of comets, 353 

Equator, 390 

Equatorial, great, of Paris, 491 

Equatorial stars, STS n. 

Equatorial zone, constellations in the, 
378, 380 

Equinox, lOS 

Equinoxes, precession of the, 380 

Equinoxiol springtides, 385 

Eridanus, 279 

Europa, 304 

Eurydice, 189, 101 
Excentrieity, 65 n. 

Exchanges, theory of, 43 
Eye-piece, 408 

Fabricius, his discovery of suc.i 

Facniie ou the surface of the Sun, 31 

Falling or shootJng stars, 8 

Faye, M., on the researches on 

fringes of earth-waves during edip 

101 ; on attraction and repuis 

34S n., 258; his calculation of 

mass of Donati's comet, 201 

Fish-raoutii nebula, 348; -s good 

object for atar-observers, 414 
' Fixed stars,' the term now abandoned, 

4, 360, 274, 294 
Flattening at the polos of planets, 301 
Flint of object glasses, 408 
Flood-tides, 884, 385 
Flora, 189, 100 
Flow, 387 
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Foci, 373 

Focus of the curve, 05 n, 

Fomalhaut, 271 

Foncault, M. Leon, his researches on 

the velocity of light, 291 n. : Mr 

silver- on-glass reflector, 409, 411 
Fraukland, Dr., his researches into the 

nature of light, 43 n. ; on the past 

history of the Moon, 140 
Fraunhofer,the first to apply Kivohhoffs 

law to the stars, 330 
Freia, 189 

Frigid or circumpolar zone, 108 
' Front-view ' reflector (Hersehel's form ), 

409 

Galaxy. See Milky Way. 

Galileo discovers the phases of Venus, 

08 n. ; on the telescopic aspect of 

Saturn, 213 ; his discovery of the law 

of gravity, 371, 373, 377 

Qalle, Dr., discovers Neptune in the 

place indicated by theory, 233 
Gambart's or Biela's comet, 24H ; its 

division into two, 250 
Ganymede, 204 
Gauges of the heavens, Sir W. Her- 

schel's, 303 
Ganrisankar of the Himalayas, 60 
Gemini, nebulous stars in, 354 
Geology, its teachings, 391 
Giraffe, the, 378 

Goldschmidt, M., his observations and 
discovery of minor planets, 191 ; of a 
companion of Sirius, 301 ; his tele- 
scope one of small poiver, 410 
Granules or granulations, 33 
Gravitation, the aniversal law of, 379; 
ellipticity of orbits caused by, 382 ; 
the cause of tides, 387 
Gravity on the surface of the Earth, 
378 ; law of the diminution of the 
force of, with increased distance, 378 ; 
effect of the Earth's ou the Moon, 
378, 370 
Great Beai', 376 ; its body, tail, and 

pointers, ib. 
Great Dog, 370 
Gregorian reflector, 400 
Grove, Mr., on recent observations of 

the Moon, 147 
Gruitheiaen, 134 n„ 143 
Gyroscope, 409 

Halley, on utilising the transits of Venus 
to deiennine the Sun's parallax, 400, 
401 n. 

Halley's comet, 344 ; its return in 1759 
and 1835, ib. 

Hansen, M., on the Snn's parallax, 
14 n. ; on the conditions of the invi- 
sible side of the Moou, 140 ; suspects 
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a mors distant planet than Uranus, 

Harding, Mr., hia drawings of the 

Pleiades and Hyades, 311, 31fl 
Heat, laws of, ihe Game as tliose of ligbt, 

62 
Heavens, wonders of the, 1, 268, 374; 

atrnoture of, 363 
Height)) al)afe the 

101 



M., of Mnnster, 73 a., 79 n. ; his 

powers of sight, 871 a. 
Heliooenfaie longitude, 179 
HeliometeiB, 4Q1 
Helmholtz, his theory as to the distri. 

butiouof hetit, &3n., 99 
Henderson, Peot., on the parallax of the 

' Henooop,' 31B 

Heroules, supposed movement of the 
Eolar system to a point in, 391); no- 
hula in, 361. n and £ Heiculis, staF- 
cluBta- in, 318 
HecBChel, Sir W., on solar physics, 30, 
33, 34, 61 ; on the diameter of Venus, 
68; on the diameter of Ceres, 192; on 
the time of rotation of Jupiter, 109 n.; 
on t)ie relative brightness of Jupiter's 
satellites, 3UT ; discovers two sat^lites 
of Satnrn, 313 ; on thS riags of Stt- 
tnm, 317 ; disoovers Uranus, 33S; his 
30-feet refleoWr, 873 ; Ms vieits o( the 
Btracture and dimensions of the Milky 
Way, 363, 369; bis gauges of the 
heavens, 303 
Herschel, Sir John, on the distance of 
the Earth from the Sun, 19 n. ; Ms 
experiments on l%ht, 3S ; on the struc- 
ture of the Sun, 34, 48, 83 ; on Mars, 
178; on tba discovery of Neptune, 333 ; 
on a group of coloured stars in the 
Southern Cross, 305 ; on nebulce, 
334^338, 343, 347, 861-353, 356; ou 
the Magellanic Clouds, 398, Sfi2 
Herschel, Alex., veseaichea into the 
height, we^ht, and velocity of shoot- 
ing stars, 171 
Hersohel, Lieut., on the spectrum of the 

Sun's promiDenoes, 47 
Hesperides, 315 
Hevelius, 15 n. 
High-water, 384 

Himalaya Echpse Expedition, 161 
Hind, J. R., on the colour of variabla 
Etars, S08 ; on variations in nebniEe, 
360 a. 
Hipparchns, the precession of the equi- 

noses discovered by him, 113 n., 381 
Hoi^Bon, R., ou a curious appearance 

seen in the Sun, 53 
Horizon, 375 
Hugghis, Dr., his analysis by the spec- 



trum of sun-spots, 43, 47, 49 ; of 
Tempers comet, 171; of comets, 282; 
of nebulK, 361 
Hnmbollt Bar n on the Suns influ- 
ence on the Eaith 53 54 on the 
zodiaoal hght 76 79 Bl on the 
strutture ot the Moon 134 13!t ! on 
tbe numbei and height of shooting- 
etais 166 171 ou the absence of 
BcintillaUoQ of stars in tropical re- 
gi US i08 on the visibility of stars, 
2"^ on changes to be effected hy the 
Suns motion thioighspaee Z01; on 
the tiapezium of Onon 2(9 on the 
Uiik', ■ftftv 337 on the Magellanic 
Uouds J 8 iJ59 

Huygheus his ei.p'anation of the rings 
of batum 313 21 his discovery of 
the great nebula in t Oiiouil 332 n. 

Hypeibola, 341,843 

Hyadea, 279, 315 

Hydrogen, absence of, in some stars, 
330, 331 

Hyperion, 321 

Ideal views of the phaties of Saturn> 

334, 235, 336, 287 
n Signor Astone (Comet of 1500), 353 
Immersion, 308 
Inaccessible points, bow to measure the 

distance of, 395-100 
Incandescence, 39; of the primitive 

Earth, 381 
Incandescent gBS, 43 
Io,204 
Irradiation, 71 

Jnnsseu, M.. his spectroscopic observa- 
tions during the eclipse of Ai^ust 
1668, 47 ; succeeds in seeing the solar 
prominences when the Sun is not 
eclipsed, ib. 
Japetus, 331 

Jones, Mr., on the zodiacal light, 70 n. 
Jordano Bruno, on the movement of 

ivatatjon of the Sun, 23 
Juno, 191 

Jupiter, the largest of the planets, 196 ; 
its distance &om the Earth and Sun, 
186, 197; its orbit, 197; its real and 
appaient dimensions, lb.; its dimen- 
. siou compared withthat of the Earth, 
198 ; its elliptiuity, ib.; its movement of 
rotation, 198, 199 ; Its days and nights, 
189; its years and seasons, 199, 300 ; 
its physical constitution, ib. ; its dark 
and light belts, 200, 301 ; its mass 
and density, SOS ; its almosphere, ib. ; 
its four satellites or moons, 196, 304, 
368; edipsesof its satellites, 305; di- 
nieiisioiifi, volume, and briglituess of 
its salellites, 307 



Hosted by 



Google 



Kaiser, on the dny of Mars, 183 a. 

Kepler, his laws of the uiiivei-se, 8, 309, 
a48a,a74,898,380; on llie tUstmee 
of the Snn ftom tlie Earih, 35 n.; on 
tlie rotation of the San, 33 ; suspects 
the existence of a planet between 
Mftre and Jupiter, IflT | on tlie infinite 
number of oomets, 380 

Kew Observatory, sua-piotiires taken at, 
3S,41 

Kitchener, Mr., on the vimbility ot the 
companion of Eigel, 413 

Kirolilioff,M.,hiB hypothesis of the phy- 
sical constitution of the Sun, 11, S29 

Knott and Bssendell, their observations 
ofrariahle stars, 807 

Iiacaille, M., on the (tistimce of the Sim 
fcom the Earth, 15 n. 

Lalande, M., on the derivation of the 
word 'Pleiades,' 31S n. 

Lambert, M., his ciUculation of the 
number of comets, 350 ii.; on the 
possibility of a comet coming in con- 
tact viith the Earth, 358, 301 

Laplace, M., Ms hypothesis of the origin 
ofthesolarsy8tBm,flT, B91-394;onthe 
invisible portion of the Moon, 145 ; 
on the ^atiibution of Saturn's lings, 
310, 393 ; on gravitation, 38a 

Lassell, V!., his Saturnian disooveriss, 
Sn ; re-diaoovery of the satellites of 
Uranus, 380 ; disoovers a seventh star 
in S Orionis, 399 

LausBedat, M., on a singular phenome- 
non in the total solar eclipse in 1860, 
138,157 ; on the effect of a total eclipse 
on plants, 161 
Lanssedal and Mannheim, MM., on 
Mngesof light in solar eclipses, ISl 



leapianlt, M., 
asteroids, 193 
Le Terrier, M., o 



13 n 



uthe 



the dimensions of 



1 the 



L the identity of the 
orhit of the meteor, and that of 
Tempel's comet, 170; on the possible 
numberof the minor planets, 193; the 
diseoTeij of Neptune through his ob- 
servations of the pertorbations of 
Uranus, S83 

IJapounov, M., ohser ti 
Bible changes in th 
Orion, 317, 848 n. 

Libration, 132 

Limbs of the Sun, ao 

Ijght, velocity of, 15 d te 

Light-curve, a09 n. 

Lion, the, 2T1, 280, 28 al 

in, 339, 348. f. L h 

point of the Novei 
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Lion's Heart, 380 
Little Bear, 377 
Little Dog, 379 

Lockyer, 3. N., observntion of snn spots 
and their nature, 83, 48, 45 n 
his spectroscopic observation h 

prominences of the Sun w h a 
solar eclipse, 47-50 ; on the 8 n 
chromosphere, 48, 157 ; ob e ti n 
o£ Mars, 181, iB'i, 188; ob a n 
of Titan, 398. Insertions and ann 
tfttions throughout tlie work 
Lohrman, M., his researches in lunar 

astronomy, 184 n. 
Luminous bands, 183 
Lunar astronomy, 147 
Lunar oratera and mountains, 181-13i 
Lunar edipaes, conditLons of possibility 
and visibilily, IQl, 102; partial and 
total, 163, 183; penumbral, lti3 n. ; 
colour of the di^ during, 103, IBl; 
Sun and Moon sometimes both visible 
in, 164 1 periodicity of, ib. ; accurate 
cideulations of, ib. 
Lunar month, or lunation, 113, 115 
Lunar parallas, 39T 
Lunar phasea, 3S& 
Lunar photography, 147 
Lunar topography, 135 
Luni-solar action on tides, 889 
Ljns, the 378 

Lyre, aS3; nehtlla in, 336. a Lyije, its 
distance from the Earth, JOa 

Midler, onthe flattening of the poles of 
Uranus, 329. See Beer and Madler 

Magellanic Clouds, their position in the 
Boutheiu sky, 380, 350, 357 ; their di- 
vision into Great and Small Clouds, 
3S7; their apparent dimensions and 
physical structure, 357-359 

Majorasjs, 105, SV3 

Magnifiers, 407 

Majran, M., 70, 80, 81 

Mallet, Mr., on the surface of the Earth, 
131 n. 

Man, power of, 1, 176 

Marius Simon, his observations of the 
great nebula in Andromeda, 333 n. 

Mars, the first of the exterior planets, 
no i its movement round the Sun, 
170, 177; its orbit and phases, 177, 
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186 ; its form, density, and aims, ib, ; 
its force of gravity, ib. 
Slaskelyiie, Dr., his olaBsifi/ialion of 



Mass of planets, 8B, 74, 188, ! 

379; oi'thaSun,3B3, 37S 
Massilia, 190 
Ha.tipeH.ais, on the effect of a 



not spheres, 807 
Maximiliana, ISQ 
MbsttbII, J. C, on the nature of the 

rings of Saturn, 317 
Majer, M., 99, U3 n. 
Mean level of the sea, S88 
Mean time, 97 
Heaauremect of distances of in aecessikle 

objects, ior, et seq. 
M^oh Bin's comet, 249 
Mevourj, transits of, 35 ; tlie nearest 
planet to the Sun, 65, ^6; considered 
bj the ancients to be tno distinct stars, 
56 ; its apparent movement, ib. ; its 
phases, 57 ; length of its revolutjon 
round the Sun, 59 ; its eliiptio 
orbit, it).; its distance from the 
Sun and Eartb, SS, 59; its velocitf, 
59; its form and its dimensions, 
60 ; its traasit across the Sun's disk, 
eo, 61 ; its intensity of light and 
heat, 63 ; its elongated orbit, ib. ; its 
atmosphere, 63 ; length of its day and 
night, 63, 64 ; its seasons and olimate, 
04; Its ei^uatorial belts, 65; its 
mountains and volcanoes, 66 ; its mass 
and density, 66; force of its gravity, ib. 
Meridian, 66 n. 

Mexico, extensive crevasse in, 134 
Merz, excellence of the astronomical 

instruments manufactured at, 40S 
Meteoric rings, the, 180-176 
Meteoric iron, masses of, 174 
Meteors, their position in the solar 
system, 8 ; sporadic, 165 f see Shooting 
stars); luminotis (see Bolides), 173 
Meteorites, 8; theory as to their func- 
tion in the oontinnance of solar heat, 
52 ; clftssiaoation of, 173 i microsco- 
pical examination of, and result, 173, 
174; oolleotion of, 



Micrometers, 11, 406, 421 

Milky Way, its general aspect, 3, 8, 373, 
317,331,333; its course through the 
noi-thern and soutbein constellations, 
333-337, 303 ; its resolvability into 
stars and star-clusters, 337; some por- 
tbas of it unfathomable, ib. ; the 
position of the solar system in it, 3, 
863, 364 ; its dimensions, 305 



Miller aad Huggins, their labours in 

spectrum analysis, 330, 331 
Mimas, 313, 331 

Mira Oeti (■ Ceti), 285 ; pei-iodioal varia- 
tion in its brilliancy, 306, 308 
Mirrors, Hersohel's, 409 ; Foucanlt's, 

410 
Mitsolierlich, M., his experiments on 
the metallic vapours on the solav sur- 
face, 41 
Moon, its phases, 110, 111, 145, 146 ; its 
movement round tbe Earth, 118 ; 
lengtb. of lunation, 115; its distance 
from the Eartb, 117, 305-397 ; its dl- 
118, 110; its angular dia- 
119; its rotation, 131; its os- 
) the naked eye, 133 ; its maria, 
!, 123, 137 ; its mountains and 
-chains, 134, 127, 133; vol- 
canic character of its mountains. 137, 
ISHi its walled plains and craters, 
183, 135; its luminous bands, 133; 
its rilles, 133, 134 ; absence of air and 
water on its surface, 137 ; the presence 
of an atmosphere doubtflil,ib.; its past 
history, 140 ; hypothesis of its having 
passed through a gladal epoch, 140, 
143; its climate, 143, 144; its days, 
nights, and seasons, 144, 110 ; its li- 
bration, 144, 145; extent of the vi- 
sible and invisible portions of it, 149 ; 
question as to the existence of living 
and organised beings on its surface, 
14S; the Earth as seen from it, 146; 
path of its shadow on the Earth, 153, 
154; its effects on tides, 384 
Moon Committee, 147 
Moons, number of, revolving round the 

principal planets, 7 
Mountains, Innar, 137, 1 33 
Movement the common law of all bodies, 

394 
Mural circles, 41 8 

Nadir, 387 

Nasmyth, Mr., his comparison of the 
pores in the surface of the Sun to 
willow-leayes, 33 ; his drawings of the 
monntMus of the Moon, 138, 130; on 
the luminous bands, 133 

Navigators, utility to, of the calculations 
of oconltations of stars, lOB 

Neap-tides, 385 

Nebulce, 3, 337 n., 316; their vast num- 
ber, 332 ; their distribution in the starry 
vault, 338 ; their forms i oiroolar, ellip- 
tical, and annular, 334, 339 ; conical 
or cometary, 336 ; spiral, 838, 839 ; of 
irregular form, 341; Dumb-bell, 343, 
344; planet*^, 363-354; intensity of 
their light, 853 ; their pliysical consti- 
tution, 35D-363; spectroscopic obser. 
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Tations of, 3S1; ave said to be en 

mous gaseous systems, 363 
Nebiilte, double, S55, 356 
NebulfB, mnltdple, 8BS, 3S6; in ■ 

Great MagallaDio Cloud, 358 
Nebulous stars, 353, 354. 
Neptune, history of its discovery, a 

33,3 ; its orMt and vdooitj, 334 ; 

distance from the Earth, ib. ; ita. 

patent aafl xsal dimensiona, ib.; 

satellite, 334, 235 ; its volume, dens 

and force of gravity, SSft 
NewtoQ, Mr., researches into the nt 
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Newton, Sir Isaac, his theory of gravita. 
tioD, 3T7, 383 

Newtonian reflector, 409 

Noble, Cftpt,, suD-spot with facnlre, 33 

Nodes, ascending and descending, 160 

Northern Cotoqb, 381 

Nubecula, Major and Minor. See Ma- 
gellanic Clouds. 

Nuclenaof comets, 337; of the Sun, S4, 



Nutation, S 



!t of, 3 



Oberon, S81 

Object-Bliiss, 406 

Observatories, their instrumejits, 408 

Oeoultatiotis of stars, 105 

01bers,Dr., discovers Pallas and Vesl«,ie9 

Olbers' comet, 343 

Ophinohus, 381 ; nebula in, 316 

Opposition, 184, 177, 197, 310, 368 

Orbits of planets, g, S, et pai^sim. 

Orion, 377, 380; nebula in, 3; trape- 
zium of, 399; an eligible star for ob- 
servers, 413. a Orionis, spectrum of, 
330; / Orionis, great nebula in, 333, 
348, 340, 881 

Oval nebulffi, 834 

Pallas, 188, 193 

Parabola, 341 

Farallax of the Sun, how determined, 

398; of the stars, 404 
Paris Observatorv, 418 
Psstorff, M., on sun-spots, 89, 30 
Pegasus, spiral nebula in, 338. $ Pegnsi, 

spectrum of, 330 
Penumbra, 34, 37, 38, 149, 162, 163 
Perigee of Moon, 118 
Perihelion, 03 n., 87, 179 
Perseus, 378 ; nebulain,363, 861. y Par- 

sei, tbe radiant point of the meteors 

in Ai^ust, 1ST 
Perturbations of planeta, 383, 383 
Peters, M., on the identity of the orbit 

of the meteors with that of Tempel's 

comet, 171; on the pEirallas of stars, 

891 n. ; on the orbit of the uninown 

satellite of Siritts, 301 
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Petit, M. 39 11., 173 

Phillips, Prof., on fuculre in the Sun's 
surface, 31; on tlie height of the pe- 
numbra, 3H n.; on the possible snow- 
zones in Yeuus, 7S; on the met«oro- 
logy ofMars, 180 

Photography, solai-, 33; lunar, 147 

Photosphere, 37 

Piazzi, his discove'-.v of Ceres, 188 

Pierce, on the rings of Saturn, 317 

' Pilgrim,' the temporary star of 1573, 
810 

Pisces, planetaiy nebula in, 353 ; con- 
stellation in, 3fl3 

Plane curve, 374 

Plane of tbe ecliptic, «, 381 ; of the 
Moon's orbit, 15 1 

Planets, movements of, 4, 5, 55, 330 
their velocity, 5 ; their number, 7 
their division into smaller, larger, mi 
nor, 7, 187; form, 8; direction of move 
ments of rotation and revolution, ib. 
inclination of the planes, of their 
orbits, 9 ; diversilies of their condi 
tton, 109; occultations of, 18S; ex 
terior or superior, and inferior, 176 
telescopic, 187; ultra-zodiacal, 1E>0 n. 
elemenis of their orbits, 373, 374 
Laplace's theory respecting 391-391 

Planetary perturbaljons, law of, 333, 
383 

Planetary system. See Solar System. 

Plateau, M., physical experiments by, 
393, 394 n. 

Pleiades, 379; supposed to be tbe centre 
of the movement of the soiar system, 
S97; a star-group, 314; number of 
stars visible in it to the naked eye, 
314,315; names of the principal stu^, 
316; called by the ancients Hespe- 
rides and Atlantides, 315 n. 

Pole-star, 376, 377 ; how affected by the 
precession offibe equinoxes, 381 ; not 
always the same star, ib. 

Polaris, its distance from llie Earth, 893 ; 
its velocity through apace, 395 

Polarisation of light, 48 

Polariseope, 39 n. 

PoUux. 351 

Polyhymnia, orbit of, 343 

Pona'a comet, 349 

Pores, or luminous masses on the sin^- 
face of the Sun, 33, 33 

Poulain M on fringes of hght in solar 
eel psea 161 u. 

Pitesepe 315 

Precession of the equinoses, 381 

Piimitive state of the planets, 198, 393 

Pnsra its iPHchings aa to the nature of 
a beam of light, 33D 

Proctor B A.,on thedayofMarB,185n.; 
on the inclination of the osis of Sa- 
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